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Bei der Inbetriebnahme. von MSR-BASIC auf gen Z80-mini-EMUF 
ist Folgendes zu beachten: 


CLK/TRG2 (ST6 Pind) muß mit CLK/TRG3 (ST6 Pin5) verbunden werden. 


MSR-BASIC Eprom auf Sockel Ul stecken, 
- Terminal an SIO Kanal A (ST2). | 
- Folgende Handshakeleitungen müssen am IF232 Modul gebrückt sein: 
DCD (ST2 Pinl) mit CTS (ST2 Pin8) und RTS (ST2 Pin?) 
(ST2 = 9pol DSUB-Stecker) 


Nach dem Einschalten meldet sich der 280-mini-EMUF: 


MSR-BASIC-4,0 von 20.09,89 
(C) Elektronikladen 


Warm- oder Kaltstart (W/K) ? 


Bei Erststart mit Kaltstart beginnen!! 


Der Z88-mini-EMUF 
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Am ST2 und ST3 wurden aus layouttechnischen Gründen nicht in 
der gleichen Richtung aufgelegt ! 
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Einleitung 


Nahezu jeder, der sich mit der Computerei beschäftigt, hat £rüher oder später 
einmal den Mikroprozessor Z88 kennengelernt. Dieser Prozessor der Firma Zilog 
hat sich in der 8-Bit Welt einen festen Platz erobert, ist er doch in direkter 
Nachfolge des legendären 8080 bzw. 8085 zum Industriestandard geworden. 

Als im Jahr 1983 der 280-Emuf in mc veröffentlicht wurde, war der Einsatz in 
vielen kleinen Steuerungen für jeden möglich geworden. Mit der Entwicklung des 
Bausteins TMPZ 84C015 ist sozusagen der "endgültige 280" enststanden, der fast 
schon als Single-Chip-Prozessor zu bezeichnen ist. 
Dieser Baustein enthält neben der CPU noch weitere Funktionsblöcke der 280 
Peripherie: PIO, SIO, CTC, Taktgenerator und einen Watchdog-Timer. Das alles 
ist in einem 100-poligen Flat-Pack-Gehäuse untergebracht, das kaum größer als 


ein Daumennagel ist. Dieser TMPZ84C015 ist das Herz des hier vorgestellten. 


"endgültigen" Z88-mini-Enuf. 


Auf einer Platine von 8imm * 8imm ist ein komplettes kleines 
Mikrocomputersystem untergebracht. Die Karte beinhaltet folgende Funktionen: 


Prozessor TMPZ84C015 mit PIO, SIO, CTC 
Watch-Dog-Timer 

3 Speichersockel für max. 64kB RAM, 32kB EPROM 
Adressdekoder (GAL) 

Echtzeituhr (Real-Time-Clock RTC) 

Batterie mit Schutzschaltung für RTC und RAM 


Der Prozessor TMPZ84C0215 


Der TMPZ 84C9015 enthält bis auf die Speicher ein komplettes Z80- 
Mikrocomputersystem auf einem Chip. Darin sind die Standard-Z80-Bausteine 280- 
CPU, Z8®-PIO, Z80-SIO und Z80-CTC integriert. Zusäztlich ist auf dem Chip ein 
Taktgenerator und ein Watchdog-Timer untergebracht. Der gesamte Chip ist in 
CMOS-Technologie gefertigt, was einem geringen Stromverbrauch zu Gute kommt. 
Dieser Baustein unterstützt die heute geforderte Miniaturisierung von 
elektronische Baugruppen. Er ist in einem 198 poligen Flat-Pack-Gehäuse von 
20mm*25mm untergebracht. Im Anhang des Handbuchs befindet sich das gesamte 
Datenblatt des 84C015. Daraus können alle weiteren Daten des Prozessors, sowie 
Initialisierungswerte und Steuerworte der Peripheriechips entnommen werden. 


we 


Taktgenerator 


Der Taktgenerator benötigt zum Betrieb nur einen externen Quarz und zwei 
Kondensatoren. Für Anwendungen, bei denen der Stromverbrauch sehr kritisch 
ist, kann die Stromaufnahme durch 4 verschiedene Betriebsarten des 
Taktgenerators verändert werden. Durch Programmierung von internen Registern 
kann eine der Betriebsarten ausgewählt werden. 

Die einzelnen Betriebsarten werden bei Ausführung eines HALT-Befehls 
eingeschaltet. 

In der STOP-Betriebsart werden alle internen Operationen angehalten, auch der 
Quarzöszillator (Stromverbrauch max. 5®uA). 

In der Betriebsart IDLE1 (Stromverbrauch max. S3mA) läuft nur der 
Quarzöszillator weiter, der externe Takt wird angehalten (CLKOUT="LOW"). 

Bei IDLE2 (Stromverbrauch max. 15mA) läuft der Takt (CLKOUT) weiter und die 
CTC wird mit einem Taktsignal versorgt. 

! Achtung: Durch einen Fehler in der Maske des Prozessors ist die Betriebsart 
IDLE'2 z.Zt. leider noch nicht möglich. | 

In der 4. Betriebsart, dem "RUN-Modus” (Stromverbrauch max. 35mA) ist der 
gesamte Chip in Betrieb. 

Die Betriebsarten STOP, IDLE1, IDLE2 können durch einen Reset, nicht 
maskierbaren Interrupt (NMI) oder freigegebenen Interrupt (INT) verlassen 
werden. Das Verlassen des "Halt-Zustandes” im STOP-Modus dauert ca. 4ns 
(Taktfrequenz 8MHz), da zunächst der Oszillator erneut anschwingen muß. : 
Zum Setzen der verschiedenen Betriebsarten dienen die beiden Register HALTCR 
(Halt-Control-Register) und HALTMR (Halt-Mode-Register). Um ein 
unbeabsichtigtes Verändern der Betriebsart zu verhindert (z.B. bei einem 
Programmfehler), ist ein bestimmter Ablauf notwendig. Zunächst werden in das 
HALTCR-Register (Adresse: @F1H) die Daten ODBH eingeschrieben, danach kann das 
HALTMR (Adresse: ®FOH) beschrieben werden. 


HALTMR - Halt-Mode-Register (Adresse OFOH) 
Bit: 7 6 5 4 3 2 1 ® 


WDTER WDTPR HALTMR ® 1 l 
EEE EEE Watchdog gesperrt 
Fer Tr SS EEE er Watchdog freigegeben 

® ne u Saunen TeıE * 2°16 
® Ze ch SETS TElK * 2*18 
5 2 Sera te Tr Te Tclk * 2*20 
1 ee Talk * 2°22 
® 9 -------- IDLE 1 
® 1 --- IDLE 2 
10 --- STOP 
a a — — RUN 


Beispiel: 


HALTMR EOU OFOH 
HALTCR EQU OFIH 


Umschalten auf STOP-MODE 
LD A,ODBH 

OUT (HALTCR),A 

LD A,11110011B 

OUT (HALTMR),A 


‚ WATCHDOG ON, HALT=STOP 


HALT ;‚ STOP-MODE WIRD EINGESCHALTET 


Watchdog-Timer 


Bei vielen Anwendungen eines Mikrocomputers ist die Zuverlässigkeit sehr 
wichtig. Fast jeder hat schon einmal das Abstürzen eines Systems erlebt. Was 
bei einem Tischcomputer noch über die Reset-Taste erledigt werden kann, ist 
bei Steuerungen oftmals nicht möglich, da gerade niemand da ist, der diese 
betätigen könnte. Um zumindest einen definierten Neuanfang durchzuführen, wird 
in vielen Steuerungen eine sog. Watch-Dog-Schaltung (Wachhund) eingesetzt. 
Dabei muß im Programm an geeigneten Stellen einen Zeitgeber definiert 
zurückgesetzt werden. Wird durch Fehler der Hard- oder Software (eben bei 
einem Absturz) dieses Rücksetzen nicht rechtzeitig durchgeführt, so erfolgt 
z.B. automatisch ein Reset des Systens, der i.a. schlimmeres verhindert. Im 
TMPZ 84C015 ist ein solcher Zeitgeber eingebaut. Dieser Watchdog-Timer hat 
einen Ausgang (WDTOUT), der bei Überlauf des Timers von "High” auf _"Low” 
wechselt. Die Zeit bis zum Überlauf kann im HALTMR-Register ER 
werden. Tclk ist dabei die Periodendauer des Systemtaktes (s.o.). 


Bit 6 5 des HALTMR Zeit bei 2.4576 MHz Takt 


® a Teaik * 2736 26.7 ms 
® 1 Teik " 2718 106.7 ms 
1 ® Tclk * 220 426.7 ms 
1 1 Telk * 2”r22: 1706.7 us 


Nach einem Reset wird der Watchäog-Timer automatisch freigegeben und die 
längste Zeit eingestellt (Tc1k*2”22). Bei Bedarf kann er jedoch ausgeschaltet 
werden. Um auch hierbei ein unbeabsichtigtes Ausschalten zu verhindern, ist 
ein besonderer Ablauf vorgesehen. Zunächst wird Bit 7 im HALTMR-Register 
(OFYR) zurückgesetzt, danach muß das HALTCR-Register mit dem Datum &B1H 
beschrieben werden. Zur Freigabe genügt allerdings das Setzen von Bit 7 im 
HALTMR. 


Zum Rücksetzen des Watchdog-Timers muß ins HALTCR der Wert ®4EH eingeschlichen 
werden. 


Watchdog-Timer Beispiel: 
HALTMR EQOU POFOH 
HALTCR EQU OFIH 


; RESET WATCHDOG 
LD A,4EH 
OUT (HALTCR),A 


; AUSSCHALTEN WATCHDOG 


LD A,0QQ210011B ‚; WATCHDOG OFF, HALT=STOP 

OUT (HALTMR),A 

LD A,OBiH 

OUT (HALTCR),A » WATCHDOG AUS 
Interrupts 


Eine 'sehr nützliche Neuerung des Z8®8 gegenüber seinen Vorläufern (8080,8085) 
ist. die Möglichkeit des Vektorinterrupts. Dabei braucht die Quelle eines 
Interrupts nicht erst mühsam durch ein Programm festgestellt zu werden, 
sondern bereits durch die Hardware wird an die entsprechende Stelle im 
Programm verzweigt. Die Prioritäten der Interruptquellen werden dabei durch 
entsprechende Verschaltung der Hardware festgelegt. Beim TMPZ 84C015 kann die 
Interrupt-Priorität der internen Peripherie-Bausteine (PIO, SIO, CTC) durch 
ein Register (INTPR Adresse:8F4H) festgelegt werden. In einem größeren System 
kann durch die beiden Anschlüsse IEI und IEO die Peripherie des 84C015 in die 
Interrupt-Kette (Daisy-Chain) eingeschleift werden. 


INTPR (Adresse OF4H) 
Bit 7 6 5 4 3 2 5 ® 
Priorität 

High ----> Low 
CTC - SIO - PIO 
SIO - CTGC - PIO 
CTC - PIO - SIO 
PIO - SIO - CTC 
PIO - CTC - SIO 
SIO - PIO - CTC 
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Die Hardware des Z88-mini-Emufs 


CPU-Teil und Takterzeugung 


In Bild 1 ist die Schaltung des 2880-mini-Emuf abgebildet. Wie bereits oben 
erwähnt ist der Taktgenerator in den 84C015 eingebaut. Die maximale 
Taktfrequenz beträgt z. Zt. 6MHz für den Baustein TMPZ 84C015-AF6, also 12MHz 
Quarzfrequenz, da die Quarzfrequenz zunächst durch 2 geteilt wird. Für die 
meisten Anwendungen ist allerdings die in der Stückliste angegebene 
Quarzfrequenz von 4,9152 MHz (Takt=2,4576 MHz) völlig ausreichend. Dadurch 
ergibt sich zum einen ein recht geringer Stromverbrauch, zum anderen sind die 
Anforderungen an die Zugriffszeit der Speicher weniger kritisch. Die CTC kann 
entweder mit dem Systemtakt oder einem externen Takt versorgt werden. Bei 
Verwendung des externen Taktes ist jedoch eine maximale Frequenz vom halben 
Systemtakt möglich. Um die Baudrate der seriellen Kanäle (SIOA, SIOB) durch 
die CTC zu ermöglichen, wird der Systemtakt durch 4 geteilt (U8) und dem 
externen Takt der CTC 2 zugeführt. Der Ausgang ZC/TO2 dient dabei als 
Taktgeber für die SIO Kanal B und 2C/TO3 für die SIO Kanal A (CLK/TRG3 muß 
dann über ST6 verschaltet werden) 


Reset, Spannungsausfall und Batterieerhaltung 


Der Reseterzeugung bei Steuerungsrechnern kommt eine besondere Bedeutung zu. 
Oftmals wird ein solcher Rechner in Stand-alone-Anwendungen eingesetzt, und 
muß daher bei jedem Einschalten sicher zurückgesetzt werden. Bei einfachen 
Reset-Schaltungen (2:B. RC-Glied) ergeben sich häufig Probleme bei 
kurzzeitigen Spannungseinbrüchen. Der Prozessor erhält kein sauberes Reset- 
Signal und es kommt zu Funktionsstörungen. Ein fehlerhafter Reset wird dann 
häufig nicht erkannt. 

Bei vielen Mikrocomputersystemen ist häufig eine Datenerhaltung nach dem 
Abschalten notwendig geworden. An die Datensicherheit werden dabei ebenfalls 
oft recht hohe Anforderungen gestellt. 

Für diese beiden Funktionen wird beim Z80-mini-Emuf der recht neue Baustein 
MAX690 eingesetzt (U9). Dieser Baustein erzeugt ein definiertes Reset-Signal, 
wenn die Versorgungsspannung kleiner als ca. 4.6 Volt ist. In diesem Baustein 
ist weiterhin ein Batterie-Umschalter, ein Spannungs-Komparator und eine 
Watchdog-Timer integriert. Der Watchdog-Timer wird in der vorliegenden 
Schaltung nicht benutzt, da im 84C015 bereits einer integriert ist (s.o.). 
Bei Bedarf kann ein Spannungsausfalls-Signal mit dem Komparator des MAX690 
erzeugt werden. Der Spannungsteiler Ri, R2 legt dabei die Schaltschwelle fest 
(Spannung an PFI 1.15-1.35 Volt). Dieser Spannungsteiler muß jedoch 
entsprechend abgeglichen werden, da ggf. die Bauteilestreuungen zu groß werden 
können. Für den Fall, daß ein Netzausfall ( unstabilisierte Gleichspannung) 
oder eine Versorgungsbatterie überwacht werden soll, wird Ri bzw. R2 entfermt 
und die Spannung an Anschluß 4 U9 extern über einen entsprechenden 
Spannungsteiler auf typ. 1.25 Volt abgeglichen. Ein Spannungsausfall (oder 
Batterieunterspannung) kann dann über Jumper JPi1 einen nicht maskierbaren 
Interrupt (NMI) am Prozessor auslösen, der dann entsprechende Massnahmen 


durchführt. (z.B. Register retten, I/O abschalten usw.) 
Um beim Ein- bzw. Ausschalten ein unbeabsichtigtes Beschreiben des RAMs bzw. 
der Uhr zu verhindern, wird bei den RAMs das /CE-Signal über NAND-Gatter (U6C, 
U6D) mit dem /RES-Signal gesperrt. Bei der Uhr wird dies durch Sperren des CS1 
mit /RES erreicht. Beim Abschalten bzw. Ausfall der Betriebsspannung werden 
das RAM (U2, wahlweise U3), der Reset-Baustein MAX6% (U9), die Uhr RTC72421 
und der 74HC00 (U6) weiter mit der Batteriespannung versorgt. Diese 
Umschaltung wird vom MAX690 automatisch durchgeführt. Ist in einer Anwendung 
die Batterieerhaltung nicht notwendig und die Batterie wird weggelassen, so 
wird Anschluß 8 des MAX690 gegen Masse kurzgeschlossen (!!! Batterie NICHT 
bestückt) , damit die Versorgung immer aus der Betriebsspannung erfolgt. Durch 
FM die Pufferung des Resetsignals über Gatter (U6A,U6B) wird der Reset des 
Systems auch im abgeschalteten Zustand niederohmig auf "LOW" gehalten, um 
evtl. Störungen zu vermeiden. Der interne Watchdog-Timer des 84C015 kann bei 
geschlossenem Jumper JP1® einen Reset des Prozessors durchführen. 


Adressdekoder 


Um in der Adressdekodierung möglichst frei zu sein, wurde dafür ein 
programmierbarer Logikbaustein verwendet. Hier können eine ganze Reihe von 
Bausteinen eingesetzt werden, die auf dem Markt erhältlich sind. Sehr gut 
eignet sich ein GAL zur Dekodierung, da diese Bausteine bei Bedarf 
umprogrammiert werden können und auch der Stromverbracuh relativ gering ist 
(ca.30mA). 
Der Einsatz der GALs wurde nicht zuletzt durch die Verbreitung des MC-GAL- 
Programmers sogar im Hobby-Bereich möglich [1]. Das GAL steuert die 
Adressdekodierung der 3 Speichersockel und der RTC. Weiterhin sind 2 Signale 
zu eigenen Verwendung auf den Erweiterungsstecker ST1 geführt. 
Mit den Jumpern J5 und J1® können verschiedene Dekodierungsmöglichkeiten 
gewählt werden. Beim Schließen von J1® ist z.B. mit Hilfe der Port-Leitung PA® 
ein einfache Erweiterung des Speicherplatzes über 64kB hinaus möglich. 
Nach einem Reset wird PA®O immer als Eingang geschaltet. Durch den 
angeschlossenen Pull-Up-Widerstand wird erreicht, daß der entsprechende GAL- 
Eingang auf High-Pegel liegt. Programmgesteuert erfolgt dann die Umschaltung 
der Dekodierung, wenn PA® als Ausgang auf Low-Pegel gesetzt wird. Sollten mehr 
als 32kB RAM erforderlich sein, kann z.B. bei einem Reset der Eprominhalt ins 
u \ obere RAM geladen werden, danach wird PA® umgeschaltet und auch die unteren 
'32kB können mit einem RAM genutzt werden. 
Es wäre sogar denkbar auf dem Z80-mini-Emuf ein 64kB CP/M-System aufzubauen. 


In Bild 18 ist der Inhalt des GALs angegeben. Durch Auswahl mit JPS bzw. JP7 
können die zwei Adressbelegungen gewählt werden. Nach einem Reset wird die 
Portleitung PA® als Eingang geschaltet. Durch Schließen von JP5 wird der 
Eingang fest auf LOW-Pegel gelegt, durch JP1® kann mit Hilfe der PAO-Leitung 
diese Umschaltung auch programmgesteuert durchgeführt werden. 


En En 


Echtzeituhr RTC72421 


Im Z80-mini-Emuf wird als Uhr der Baustein RTC72421 verwendet. Auch die etwas 
langsamere (Zugriffszeit) Version RTC62421 kann verwendet werden. In dem 
Baustein ist bereits der Quarz integriert und fertig abgeglichen (A-Version 
1®ppm). Dieser RTC-Baustein wird über 16 Register, die im I/O-Bereich des Z80 
(Daten DO-D3) liegen, angesteuert. Der Anschluß dieses Uhrenbausteins ist 
recht einfach, da gegenüber älteren Bausteinen (z.B. RTC58321) der Anschluß 
direkt an den Datenbus eines Prozessors möglich ist. Über den Jumper JP6 kann 
ein Schreibzugriff auf die Uhr hardwareseitig verhindert werden, was in 
manchen Anwendungen sinnvoll sein kann. Register Belegung in Bild 9. 


Aufbau des Z88-mini-Emuf 


Zum Selbstbau des Z80-mini-Emufs sollte ausreichend Erfahrung beim Umgang mit 
dem Lötkolben vorhanden sein. Anfängern ist vom Selbstbau der Karte dringend 
abzuraten. Das Auflöten des TMPZ84C015 ist selbst für geübte Löter eine sehr 
schwierige Aufgabe, da bei Bestückungs- und Lötfehlern eine Reparatur nahezu 
aussichtslos ist. Fertige Baugruppen werden unter Verwendung moderner SMD- 
Bestückungswerkzeuge (Automaten mit Positioniergenauigkeiten im um-Bereich) 
und Reflow-Lötmaschinen aufgebaut. 

Für einen Selbstbau ist entsprechendes Werkzeug (Feinlötkolben, 8.5mm 
Lötzinn), Erfahrung beim Umgang mit SMD-Bauteilen und eine ruhige Hand 
unbedingt nötig. Bild 2 zeigt den Bestückungsplan, Bild 4 die Stückliste. 
Dabei werden zunächst die kleinen SMD-Bausteine (U6 und U8) aufgelötet, wobei 
es hilfreich ist, den Baustein zunächst nur an 2 Ecken mit sehr wenig Zinn 
festzuheften, dabei das Bauteil so auszurichten, daß die Anschlüße mittig auf 
den Zinnflächen liegen. Sitzen alle Anschluß-Pins mitten auf den 
entsprechenden Leiterplattenflächen, können die restlichen Anschlüsse verlötet 
werden. Es empfiehlt sich vor dem entgültigen Verlöten, die Bestückung und 
Positionierung mehrmals zu kontrollieren. Sind die kleinen Bausteine 
erfolgreich gelötet, sollte sehr sorgfältig der TMPZ aufgelötet werden. Es 
ist empfehlenswert den Baustein nicht "reihum” zu verlöten, sondern besser 
jeweils 1 PIN auf jeder Seite nacheinander, damit Spannungen im Chip vermieden 
werden. Lötbrücken dürfen nur mit Entlötlitze entfernt werden, alle anderen 
Methoden haben mit Sicherheit immer ein Abreißen des Anschluß-Beins oder der 
Leiterbahn zur Folge. Nach diesen Arbeiten sollten dann zunächst noch einmal 
alle Lötstellen mit einer Lupe untersucht werden. Messungen und Fehlersuche an 
den SMD-Bauteilen sind nur schwierig durchzuführen. 

Sind wirklich alle Lötstellen in Ordnung, werden die anderen Bauteile in 


gewohnter Weise (Widerstände, Kondensatoren, Quarz, Sockel, Stecker usw.) 
eingelötet. 


Das Schnittstellen-Modul IF232 


Auf einen Schnittstellenbaustein wurde bei der Entwicklung des Z280-mini-Emufs 
absichtlich verzichtet. I.a. muß der zugehörige Steckverbinder im Gehäuse 
angeschraubt werden, häufig ist auch eine Schnittstelle nicht in jeder 
Anwendung notwendig. Zum Anschluß an eine RS232 Schnittstelle steht ein 
kleines RS232-Schnittstellen-Modul zur Verfügung, das für beide SIO-Kanäle 
verwendet werden kann. In Bild 7 ist die Schaltung des Moduls gezeigt. 

Dieses IF232 ist das erste einer Reihe von Schnittstellen-Modulen, die 
universell auch für andere Rechnerplatinen einsetzbar sind. In Entwicklung 
befinden sich Module für RS422, RS485 und 20mA. Auch ein Modul mit 
Lichtleiteranschluß ist vorgesehen. Damit kann bei Bedarf sehr einfach eine 
Anpassung der Schnittstelle an die unterschiedlichsten Anforderungen 
durchgeführt werden. 

Der im IF232 verwendete Treiberbaustein LTC1133 von Linear Technology ist wie 
der MAX69 noch relativ neu. Er enthält 3 RS232-Treiber, 5 RS-232 Empfänger 
und einen Spannungswandler zur Erzeugung der positiven und negativen Spannung 
für die Schnittstelle. Der LTC1133 entspricht damit der Empfänger-Treiber- 
Belegung einer seriellen IBM/PC-Schnittstelle. Die Steckerbelegung der 9- 
poligen DSUB-Stiftleiste wurde ebenfalls entsprechend dem IBM-PC/AT aufgelegt. 
Bei der Z80-SIO sind die beiden Signale DSR und RI nicht vorhanden und sind 
daher auf dem Schnittstellen-Modul durch Jumper aufgetrennt. Die Verbindung 
zwischen Emuf und IF232 erfolgt über ein 10-poliges Flachbandkabel. 


Inbetriebnahme und Test des IF232 


Die Inbetriebnahme des IF232 ist schnell durchgeführt. Der Stromverbrauch ohne 
angeschlossenes Terminal sollte ca. 2® mA betragen. Beim Anlegen von +5V bzw. 
@V an die Eingänge der Treiber (TXD, DTR, RTS) müssen die entsprechenden 
Ausgänge ihren Pegel von ca. -9V auf +9V ändern. Danach werden mit einen 
Treiberausgang die einzelnen Empfängerstufen geprüft. Bei Verbindung des 
Treiberausgangs mit einem Eingang muß der Pegel am Empfängerausgang dem 
Treiber-Eingangspegel folgen. Es sollte dabei auch auf evtl. Kurzschlüsse 
zwischen den Signalen geachtet werden. 


Inbetriebnahme des Z88-mini-Emuf 


Nach nochmaligem Überprüfen der Bestückung, kann die Versorgungsspannung von 5 
Volt an einem der Stecker angelegt werden. Sehr nützlich ist auch hierbei ein 
einstellbares Netzgerät mit Strombegrenzung. 

Am Erweiterungsstecker ST1 (Pin 29) kann das Reset-Signal beobachtet werden. 


Beim Hochfahren der Betriebsspannung ab ® Volt sollte das Signal bei ca. 4.6 
Volt von "Low" auf "High" wechseln. 


Die Stromaufnahme ohne Speicher sollte ca. 25-30 mA nicht übersteigen. 

Alle Jumper sollten bei der Inbetriebnahme weggelassen werden. Der weitere 
Test wird am besten mit einem einfachen Monitorprogramm durchgeführt. Dazu 
wird das Eprom (27C256 U1) das GAL (16V8 U5) und ein RAM (43256 U2) bestückt. 
Über das IF232 wird ein Terminal (z.B. auch ein PC mit Emulation, oder Atari- 
ST) an den Z80-mini-Emuf (SIO B, ST3) angeschlossen. Das Monitorprogramm 
unterstützt keinen Schnittstellen-Handshake und benötigt daher nur die Signale 
TXD, RXD und Masse (GND). Nach dem Hochfahren der Betriebsspannung 


(Stromverbrauch ca. 70mA) sollte sich der Monitor mit (Terminal 9600baud, 
8bit, keine Parität) : 


Z88-mini-Emuf Monitor V 1.0 
> 


melden. Mit dem Monitor können einfache Tests durchgeführt werden. Er versteht 
folgende Kommandos: 


Alle Zahleneingaben erfolgen als HEX-Zahlen 


Kommando Funktion Beispiel 
Bnnnn Breakpoint bei Adresse nnnn. B9893 
wird durch RST 38H gebildet. 
D{nnnn, )mmmm Ausgabe eines Speicherbereichs in HEX D®,1FF 
und ASCII D199 
Ennnn Verändern einzelner Speicherzellen E9IOO2 
Dabei Anzeige von 16 Byte Daten 
Ändern: überschreiben 
Space: nächste Speicherstelle 
Backspace: vorhergehende Speicherstelle 
Fnnnn,mmmm,‚dd Füllen des Speichers von nnnn bis mmmm mit dd 
G{nnnn) Start eines Programms an Adresse nnnn G920® 
ohne Angabe von nnnn wird der letzte 
Programmzählerinhalt benutzt. Die 
Register werden mit den internen Werten 
(R-Kommando) initialisiert. 


Inn) Anzeige Wert von Port nn I® 
ohne Angabe von nn wird die letzte x 
I-Adresse benutzt 

L Laden Intel-Hex-File über SIO B L 


Abbruch mit ESCAPE 
Mnnnn,mmmm,dddd Verschieben des Speicherinhalts ab nnnn bis 
mmmm nach dddd 


O(nn),mm Ausgabe des Wertes mm an Port nn 04,3 
ohne Angabe von nn wird die letzte 03 
O-Adresse benutzt 

Pnnnn, mmmm Ausgabe Speicherbereich nnnn bis mmumm P9009,9100 


als Intel-Hex-File an SIO B 
Start der Ausgabe durch ein beliebiges Zeichen 


1® 


R Ausgabe und Änderung der Registerinhalte 
Ändern: überschreiben 
Space: nächstes Register 
Backspace: vorhergehendes Register 
Sd,m,y,H,M,S Stellen der Uhr (! JP6 gebrückt) 
d = Tag, m = Monat, y = Jahr 
H = Stunde, M =» Minute, S = Sekunde 
T Anzeige des Uhreninhalts im Format 
"dd.mm.yy hh.mm.ss” bis eine beliebige 
Taste betätigt wird. 
rn Intel-Hex-File 
Viele Assembler und Compiler für Prozessoren der 80-er Reihe (8080, 8085, Z8®, 
641890, NSC880 usw.) erzeugen ein Intel-Hex-File. Dieses Format ist neben dem 
S-Record-Format (für Motorola Prozessoren) eines der wichtigsten Dateiformate 
zur Speicherung von Binärdaten. Es gibt natürlich, wie bei allen "genormten” 
Datenformaten auch hierbei immer wieder firmenspezifische Besonderheiten im 
Format. Die hier aufgeführten Eigenschaften gelten aber recht allgemein. 


Im Monitor-Programm werden folgende Eigenschaften benutzt: 


Die Daten werden in einzelnen Zeilen dargestellt. 
Die Trennung erfolgt mit CR,LF (= ODH,®AH). 


Jede Zeile beginnt mit einem Doppelpunkt (:) 

Je zwei Zeichen bilden ein Byte der Information, 

dargestellt als ASCII-codierte HEX-Zahl. 

Also binär 0000 00890 bis 1111 1111 als ASCII "89" bis "FF" 

Das erste Byte gibt die Anzahl der Informationsbytes an (>1). 

Das zweite Byte ist das höherwertige Byte der Startadresse 

Das dritte Byte ist das niederwertige Byte der Startadresse 
N Das vierte Byte ist "80" (vorgesehen für Erweiterungen) 

Es folgen die Informationsbytes (Anzahl im 1. Byte) 

Das letzte Byte ist die Prüfsumme 

Alle Bytes der Zeile inkl. Prüfsumme werden 

modulo 256 (binär) aufaddiert und müssen ® ergeben. 

Die letzte Zeile wird als 


ı OO09O9921FF 
angegeben. I.a. folgt dem letzten Zeichen ein *Z (1AH) 
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Beispiele: 

a) 

QAH Bytes ab Alresse 3240H 

ı 0A324009A72 525270609 A797F92250 
Ende der Date: 

ı 8000090 1FF 


b) 

AFH Bytes ab Alresse 344AH 

: 109344A00 2092 224746465345543A0905041535345B5 
: 10345A0044 22234 341404544 3A000A0D53535220E9 
:10346A00544 52355 20504153534544009AODAB458B 
1034 7A9059424742524420590415353454409Q9A0D8A 


:0F348A00444 97 2536C415920504153534544003D 
: 00900090 1FF 


Assembler-Prosrammierung 


Zur Programmierung des Z2808-mini-Emufs in Assembler steht .das o0.a. 
Monitorprosramaz zur Verfügung, mit dem mit einem Terminal einfache 
Testprogramme eingegeben und getestet werden können. Eine weitaus 
komfortablere Zuerwicklungsumgebung stellt natürlich ein Z80-CP/M-System dar, 
das wohl bei w.e_en irgendwo noch vorhanden ist. Auch ein IBM/PC ist sehr gut 
dafür geeignez, wenn entsprechende Crossassembler-Software vorhanden ist 
(evtl. auch e:r TP/M-Emulator mit V20 CPU). Die Assembler-Programme erzeugen 
i.a. ein Intei-Sex-File, das dann über die serielle Schnittstelle zum Test in 
den 288-mini!-Zm:f geladen werden kann. 


Hochsprachen-Zmuricklung 


Die Prograsmienmmg in Assembler ist häufig eine sehr zeitaufwendige Sache. 
Daher ist eine Programmierung in einer Hochsprache fast immer vorzuziehen. Zur 
Programmierung in Pascal oder C werden auf dem Markt entsprechende 
Crosscompiler z.32. für den IBM-PC angeboten. 

Die große Verzreitung des Basic-Emuf hat gezeigt, daß viele Probleme bereits 
mit einem e:-fachen Basic-Interpreter gelöst werden können. Beim hier 
vorgestellten T®-mini-Emuf ist ebenfalls ein Basic-Interpreter verfügbar, der 
in einem EPRTM untergebracht, Entwicklungen auch ohne Entwicklungssystem 
gestattet. Das verwendetete MSR-Basic ist ein recht umfangreiches Program, 
das Multitaskı>as, Matrixoperation u.a. ermöglicht. 
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Bestückungsplan Z89-mini-Emuf und IF232 


Anhang 280-mini-Emuf 


a ancececaecgacca 


Adresse 
®1@H 
@11H 


CTC Kanal ® 
CTC Kanal 1 
CTC Kanal 2 
CTC Kanal 3 
SIO A Data 
SIO A Command 
SIO % Data L | 
SIO A Command 173 
PIO A Data DIN 
PIO A Command “ 

PIO B Data et 

PIO B Command 

HALTMR Halt-Mode-Register 

HALTCR Halt-Mode-Control-Register 
Interrupt-Priority 


Bild 3: Adressbelegung im internen I/O Bereich 


EPROM 27C256 

RAM 43256 

RAM 43256, bzw. EEPROM 5865,52C256 
TMPZ84C015-AF6 

Dekoder-GAL TMPZI 16V8 

74HC00 (SOT-14 Gehäuse) 

RTC72421 (optional) 

74HC74 (SOT-14 Gehäuse) 

MAX690CPA 

22pF Keramik 


1800nE Vielschicht 

2.2uF/16V Tantal 

siehe Text 

10k 

Netzwerk SIL 5polig 4*100k 

Quarz 4.9152 MHz HC49/U3H 

Batterie CR2025RH 

Pfostenleiste 32+14+10=56 polig 2r 
Pfostenleiste 18 polig 2r 
Pfostenleiste 14 polig 2r 


Bild 4: Stückliste 288-mini-Emuf 


Anhang Z89-mini-Emuf A3 


JP1 Power-Fail (PFO von MAX698) löst NMI aus 

JP2 U3 Pini -> A1l4 für 256kBit Bausteine 

JP3 /CE U3 -> PIN 16 PLD keine Batteriepufferung 
JP4 /CE U3 -> 74HC0® Batteriepufferung 

JP5S Pin 14 PLD -> GND 

JP6 Schreibfreigabe RTC 

JP7T Pin 14 PLD -> PA® (Banking) 

JP8 Versorgung U3 +5V 

JP9 Versorgung U3 Ubat 

JP1® Freigabe Reset bei Watchdog-Time-Out 


Bild 5: Jumper Belegung 288-mini-Emuf 


ST2 SIO-Kanal A 

1 +59 2 _ WAIT/RDY 
3  SYNc 4  RXD 

5  TXD 6 _ DIR 

7  RıIS 8 cs 

9. BED 18 GND 

ST3 SIO-Kanal B 

1. +5 2 _ _WAIT/RDY 
3  SYNc 4 RXD 

5  TXD 6 _ DTR 

7 Rs 8  cıs 

9 _ _DCD 18 _GND 

ST4 PIO-Kanal A 

1 +5 2 +5 

3 ___PA® 4 Pal 

5 PA2 6  PA3 

7 PA4 8 Pas 

9 PA6 10 PA? 

11 ASTB 12 ARDY 

13  GND 14 GND 


1 +5V 2 +5V 
3 PB® 4 PBl 
5 PB2 6 PB3 
7 PB4 8 PB5 
9 PB6 10  PB7 
11. -BETB 12 BRDY 
13 GND 14 _GND 


Bild 6: Steckerbelegung Z89-mini-Emuf 


Anhang 288-mini-Emuf A4 


STE CTC 
1 +5V 2 CLK/TRGO 
3 CLK/TRG1 4 CLK/TRG2 (0SC/4) 
5 CLK/TRG3 6 zC/TO3 (SIO A) 
7 2C/T0O2 (SIO B) 8 ZC/TO1l 
9 2C/T0O 10 GND 
ST1i Erweiterung 
1 +5V 2 +5V 
3 mM 4 /WR 
5 A7 6 /WAIT 
7. B6 8 cCIK 
9 A5 10 /C® 
11 A4 12 /RD 
13: 23 14 FR 
15 R2 16 /IORO 
17 Al 18 D7 
19 AO 20  D6 
21 Do 22 DS 
23 DI 24  D4 
25 D2 25° DS 
27 /NMI 28 /INT 
29 /RES 3  TEO 
31 GND 32 GND 


Bild 6: Steckerbelegung Z80-mini-Emuf 
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Registerbelegung der RTC72421 
Register D3 D2 Di DO 


I/O Adr. 


OFH 


vnnvV>bvosnauıPbwrnH © 


£ 


58 54 52 Si 


Mi8 Mi4 Mi2 Mil 
” Mi48 Mi2® Mil® 
H3 H4 H2 Hl 

; 


D8 D4 D2 D1 
bi . D22  D1® 
Mo8 Mo4 Mo2 Mol 
” ” ” Mo1l® 


" Ww4 W2 wi 

30s IRQ BUSY HOLD 

ADJ 

tı1 to INT/ MASK 
STD 


TEST 24/12 STOP RESET 


* = nicht definiert 


30s ADJ 
IRQ 
BUSY 
HOLD 


t1,t2 


INT/STD 


MASK 
TEST 
24/12 


STOP 
RESET 


wenn 1 werden Sekunden auf 88 gesetzt, 


Inhalt 

Einer Sekunden 
Zehner Sekunden 
Einer Minuten 
Zehner Minuten 
Einer Stunden 
PM/AM, Zehner Stunden 
Einer Tage 

Zehner Tage 

Einer Monat 
Zehner Monat 
Einer Jahr 

Zehner Jahr 
Wochentag (9-6) 
Control Register D 


Control Register E 


Control Register F 


erfolgt Erhöhen der Minuten etc. 


Interrupt-Flag 


Schreiben und Lesen der Uhr wenn ® 


wenn HOLD=® wird BUSY immer 1 


wenn HOLD=1 wird BUSY=® innerhalb 1%us 


legt die Periodendauer des STD. 


t1 t0=®0 1/64 Sekunde 

ti t@=®1 1 Sekunde 

ti tt =109 1 Minute 
t1ıt%=11 ı Stunde 
wenn ® ist STD.P Ausgang, nach 
Periode t1,t0 wird STD.P=® für 


P Ausgangs fest 


Ablauf der 
7.8125ms 


wenn 1 ist STD.P im Interrupt-Mode, 
nach Ablauf der Periode ti1,t® wird STD.P=®, 
bis das IRQ BIT auf ® gesetzt wird. 


Maskiert den STD.P Ausgang 


Dient zum Test der Uhr beim Hersteller (normal=®) 
® = 12 Stunden Uhr, 1 24 Stunden Uhr 
RESET BIT muß beim Schreiben von 24/12 auf 1 sein 


wenn 1 wird die Uhr angehalten 


wenn 1 werden die Zähler unterhalb der 


Sekundenzähler zurückgesetzt. 


Bild 9: Registerbelegung der RTC72421 
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wenn S1Q9,S51 >= 30 


EEE 


# 


NAME TMPZ ; 
PARTNO 00801 ; 
REV 01; 
DATE 02/07/89 ; 
DESIGNER SCHLENGER-KLINK ; 
COMPANY INTEC ; 
ASSEMBLY Z80-mini-Enmuf ; 
LOCATION U5; 
DEVICE GI6VB ; 
FORMAT 1; 

‘Neem ı - Ba; 
PIN 2 = 5 ; 
PIN 3 - A6 ; 
PIN 4 = AT ; 
PIN 5 = Al2 ; 
PIN 6 - Al3 ; 
PIN 7 - Al4 ; 
PIN 8 = Al5 ; 
PIN 9 = IMRQ ; 
PIN 11 “ !IORO ; 
PIN 12 = ICO ; 
PIN 13 = Ic1 ; 
PIN 14 = PAO; 
PIN 15 = IM1; 
PIN 16 - IEEP ; 
PIN 17 = !EPR ; 
PIN 18 - RAM ; 
PIN 19 = IRTC ; 
FIELD MEMADR = [A15..4] ; 
FIELD IOADR = [A7..A4] ; 
LOW = A4 & !A@; 

_  PA®.OE = LOW; 

AN EPR = MEMADR: [0800..7FFF] & MRO ; 

'RAM = MEMADR: [8800..FFEF] & MRQ & PA® 
MEMADR: [808®..BEFF] & MRQ & !PA® ; 

EEP = MEMADR: [C0®®..FFFF] & MRQ & !PA® ; 
RTC = IOADR: [88..0F] & IORQ & !MI; 
C® = IOADR:[28..EF] & IORQ ; 
Ci = IOADR:[88..EF] & IORQ ; 


Anhang Z88-mini-Emuf 


A8 


fr 


Adressbelegung 

U1l EPROM = 0000 

U2 RAM = 8000. 
89009 

U3 EEPROM = C000 

bzw. RAM 

RIC = 

co = 

ni = 

“f 


..IEEF 

.EFFF wenn PA® High 

..BEFF wenn PA® Low 
‚FFFF wenn PA® Low 


! Achtung RAM darf nicht gepuffert sein 
IO-Adresse 088-2F 

Select-Ausgang ® aktiv Low IO-Adresse 20..7F 
Select-Ausgang 1 aktiv Low IO-Adresse 82. .EF 


Bild 18: GAL-Gleichungen und Adressbelegung 
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REAL TIME CLOCK MODULE 


RTC-62421 


The RTC-62421 module is a Real Time Clock designed for 
use in direct bus-compatible microprocessor applications. It 
features a built-in quartz oscillator, time and date function, 
and C-MOS circuitry for low power consumption. The built- 
in crystal eliminates the need for external components and 
allows for easy design. Three control registers provide STOP, 
HOLD, RESET, 30SEC ADJUST, and INTERRUPT MASK: 
ING. AUTO LEAP YEAR and 12 & 24 HOUR formats are 
also provided. 


SEATURES BFUNCTION TABLE 
he built-in quartz oscillator makes regulation unnecessary and 

allows for easy design. 

@ Direct bus-compatibility(120 nano second access time). 

®ALE INPUT terminal available for 8048, 8051, and 8085 series. 

®Incorporates built-in Time (hour, minute, second), and Date (year. 
month, week, day) counters. 

@12hr/24hr clock switchover function and automatic leap year setting. 

® Interrupt masking. 

@30 seconds error adjustment function. 

@READ, WRITE, HOLD, STOP, RESET, and CHIP SELECT IN- 
PUTS. 

® The C-MOS IC boasts low current consumption and features a 
backup function. j 

© 18 pın dual in line package. 

 Pın and funcuon are compatible with the MSM 6242BRS. 


jslolriılol on] a | 0. | 
[rfofsiefil ol m | m | oe} on | 0-3 Te 
[e1:jololomo, | mo, | mo. | mos | mo; | 0-8 | ame | 
[strjojojsimon| m | m | m | mon | 0-1 ge en 
alnlolılol um] ve | m I ve | m 1 028 Tmanet 
u ne 
NLIEREEIET 


IRO 
Bee a5: |üne anfe] — mm 
ITARPT 
IE Sl Joe Ian | ee 
elılallefelnesserielsroeinest] — foren 


=0-"L"revei, 1*"H’revei, REST-RESET ITRPT/STND »INTERRUPT/STANDARD 
1) Bıt = does not ext 

2) Please ması AM/PM bet with 10's of hours operations. 

3) Busy ws read only. IRQ can oniy be set jow ("0") 


BTERMINAL CONNECTIONS 


xSı-W-Yie:Clock Register 
X Co-Cr:Control Regıster 
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BSPECIFICATIONS 
Absolute Maximum Ratings 


Ta=%57T 
Speer Ta=57 | GND-0.3-Voo+0.3 
Beonoun ve Tamze | OND=0.3-Vm40.3 


=55- 8 


ae Tr] te ee 


Note) Deis -Nolceng vollage gusrantees CO auersuons .!hougn ri do@s not gusrarise Oper zuons Sul- 


use rs KL and deals nu /esnf 


en Characterisbes 


[> em [Conan _[ _ Max.vawe [um] 
Ta=- 37T +10 
= un 


ee | (=10-+MT zT =000m) +10/- 120 


Electrical Characteristics 


ou act Tin | __ — Taten 
TE Bi ET 
how vonmes 1[Vau | mezsma [= 121054] 
[ons vage 2 [Von | mnzsma | — 2|0lV| > 
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a EE 
un Gassen 2| Cr | 


por our ion | ES," see 
Dre Crane 2 Seller! 
Pro vorge? [Vme | ua, el 

von Vonag Baia ER 7 


(Voo=5V+0.5v, Ta=-10- 707) 


De =D» 


BNote 


© This device is made with CMOS circuitry. Please take precautions 
to prevent damage due to static discharge. 

®We recommend placing a 0.1#F capacitor between Vopand Vss to 
protect against power line npple. And start-up time of input 
voltage is greater than Imsec. 

eStandard ultrasonic cleanıng can be used on the RTC-62421, but 


please exercise caution ın choosing a cleaning solution as the 
RTC-6242] could be damaged. 


Datenblatt RTC72421 ,RTC62421 
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BSWITCHING CHARACTERISTICS (with ALE) 


a 


esse Te je 
[ass Ser wo Tme | m | = 1 4 
Be Eee a ee ie 
ae Pe won | | el] 
Pace Betore waite | | 1 l=] 
ALE Borore Read we | | uf =] 
ack an won I | = (an 
are ano mean | m | of] 
WRITE Pose won | u. | [nz =]| 
on I. TEswelie 
se a 
SITE TEE: 

Banane I TS, 


AD/WR Recovery Tıme 


‘ 


(voo=5V+0.5V, Ta=-10- 70T) 


@WRITE mode (with ALE) 


Ver=0.8V \v.= Z Vo 


OS, Mo Tan in | = Too 
Der = ee 


TOSHIBA 


TMPZB4CO15AF 


TMPZBACO15AF-6 


Different Points from Technical Data book (means symbol:*) 


2 


The on-chip clock generator and controller (CGC) has the capability to contro! four operation 


ınodes. 


However IDLE 2 mode ıs not guarranteed to the current product with mask revision A. 


Halt mode setting regıster 
(Write register #FÜ-HALTMR) 


BICTEE BETEN 

IDLE I Only the ınternal oscillator operates, stopping the 
supply of clock output. 
The clock output (CLKOUT) ıs kept low. 

IDLE 2 Don't select. In IDLE 2 mode, the operation not 
being supported now. 

STOP Allınternal operations are stopped. The clock 
ee ee (CLKOUT)I is kept low. 


Operational Mode 


Description 


DC CHARACTERISTICS 
TA= - 40°C -85°C, VCC=5V+10% 


Target Spec Current Spec 
PARAMETER UNIT 


ZEEREIEZ 


15 ee Er 


(Note) * . Different points from Techn:cal Data Book 


| 
| 
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TOSHIBA TMPZ84C01SAF 


| TMPZB4C0O15AF-6 


TLCS-Z80 MICROPROCESSOR 


1. _ OUTLINE AND FEATURES 


The TMPZ84C015A is a high-performance CMOS 8-bit microprocessor incorporating the counter 
timer circuit (CTC) . the serial I/O port (SIO) , the parallel 1 /O port (PIO) , the clock generator / 
controller (CGC) , and the watchdog timer (WDT) around the TLCS-Z80 CPU This 
microprocessor inherits the basic architecture of the TLCS-Z80 series, allowıng the user to 


utilize the software resources and development tools accumulated so far. > 


The TMPZ84C015A ıs based on the new CMOS process and housed in a standard 100-pin mini- nm 


flat package, greatly contributing to system miniaturization and power saving. 


TMPZ34C015A incorporates the high-performance serial /O port, the counter timer circuit 
which can be used as the baud rate generator, and the watchdog timer indispensable for control 
applications, offering the user a wide range of system applications such as the communication 
controllers including a communication adaptor and the various other controllers which need 
miniaturızation 


Features. 

© Built-in TLCS-Z80 series CPU, CTC, SIO, PIO. CGC and watchdog timer features. 
© High speed operation (4MHz and 6MHz operations) 

© Built-ın clock generator (CGC Clock Generator Controller) 


e Built-ın standby capability (with the controller built in) provides 4 operation modes: 


Run mode (Normal operation) 

Idle-I mode (Only clock oscillation goes on. ) 

Idle-2 mode (Wake-up by CTC enabled. ) 

Stop mode (Clock oscillation stopped: standbv state) 


® Wide operational voltage range (5 V+10%, 3 to 5.5 V operations are also available) 
supported. 


® Wide operating temperature range (—40°C to + 85°C) ws; 
© Low power dissıpation 
In operation. (RUN mode) 15mA TYP at 4 MHz, 253mA TYP at6 MHz 
In idle (IDLE-! mode) 1.0mA TYP at 4 MHz, 20mA TYP at6 MHz 
| (IDLE-2 mode) 80mA TYP at4 MHz, 11mA TYP at6 MHz 
In standby: (STOP mode) 500nA TYP 
® Bu.:t-in TLCS-Z80 series SIO capability 


MPUZ80-015-1 


TOSHIBA TMPZB4CO15AF 


TMPZ84C015AF-6 


®e A pair of independent full duplex channels supports the asynchronous as well as 


synchronous bvte-oriented (monosvnc and bisvnc) and bit-oriented HDLC and CCITT-X. 25 
protocols 


® Built-ın CRC generation and check capability. 
e Data transfer rates of upto 800 K bıts / sec (4 MHz) and 1200 K bits / sec (6 MHz) 
© Built-ın TLCS-Z80 series CTC capability 
Four independent built-in channels. 
The timer or counter modes can be set 
Also available asthe SIO baud rate generator 
®e Built-ıin TLCS-Z80 series PIO capability 
Two programmable independent B-bit I / O ports having handshakıng capability 
One of 4 operation modes can be PRIOR: for each port by using the program: 


Mode 0 (byte output mode) 

Mode | (byte ınput mode) 

Mode 2 (byte input / output mode) 
Mode 3 (bit mode) 


e Built-in watchdog tımer 

© Programmesd daisy-chain ınterrupt control 

e Built-in dynamic RAM refresh controller 

e TTL/CMOS compatible 

© Housed ın compact standard 100-pin mini-flat package 


© The Toshiba real-time emulator (RTE80) and the commercially available 280 ICE can be 
used (the TMPZ84C015A used as the evaluator) 


e The Toshiba evaluator board ınstalled 
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2. 


2.1 


PIN A5SSIGNMENT AND FUNCTIONS 


Pin Assignments (Top View) 
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Figure. 2.1.1 Pın Assıgnments 
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2.2 Pin Functions 


Q'ty 


1 
(Number) yae 


Function 


8 
(82-89) 


Input /output The 8-bıt bi-dırecucnal data bus. 


3-state 


A0O0-Al5 16 Output The 16-bır address bus 
(91-100) 3-state These pıns specifv memory and | /O port addresses. During a 
(1-6) refresh cycle, the refresh address ıs output to the low-order 7 
bıtsand ATRF. 


Output The Machine Cycle | sıgnal. 

3-state In an operstuor. code fetch cycle, thıs pın goes ”0” with the 
MREQ sıgnal. At the execution of a 2-byte operation code, thıs 
pın goes “0” for esch operation code feich in a maskabie 
ınterrupt acknowledge cycle. thıs p:n goes “0” with the IORQ 
sıgnal When the EV sıgmal ıs applied, thıs pın ıs put ın the 
high-ımpedance state. 

l 


The Read sıgnal. 


It ındıcates that tbe CPU is ready for 


(14) accepting data from memory or 1 /O device. The data from the 


addressed memory or | / OÖ devices ıs gated by thıs sıgnal onto 
the CPU data bus When the BUSRERQ sıgnal ıs applıed, thıs 


pın ı» put ın the hıgb-ımpedance state. 


The Write sıgnal. This sıgnal ıs output when the data to be 
stored ın the addressed memory or | / OÖ device ıs on the data 
bus Wheo the BUSREQ sıgnal ıs applied, thıs pın ıs put ın the 
hıgh-ımpedance state. 


The Memory Request sıgnal. When the execution address for 


memory access is on the address bus, this pın goes “0”. During 
a memory refresh cycle, thıs pın also goes ”0” witb RFSH 


sıgnal. 
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Q'ty 


(Numper) 
on the data bus. Note that the ınterrupt priority among the 


Output 

3-state 
TMPZ84C015CTC,PIO, and SIO ıs selected by a program. 
l Output The Interrupt Enabie Output sıgnali In the daısv chaın 
Tu ınterrupt control. thıs sıgna! controis the ınterrupt from Ihe 
peripheral LSis connected next to ine TMPZB4COISA. The 
IEO pın goes “I” oniv when the IEI pın ıs "I" and the CPU ıs 

not servicing an ınterrupt from the buılt-ın perıpheral LSI. 


XTALI Input 
XTAL2 Output 


CLKIN 


Type Function 


The Input / Output Request sıgnal Thıs pın goes “0” when the 
address for an | /() read or write operation ıs on the low-order 8 
bıts (AO through A7ı ofthe address bus. The IORQ sıgnal ıs 


also output wıth the Mi sıgnal at ınterrupt acknowledge to tell 


an !/O device that the ınterrupt response vector can be placed 


The crystal oscıllator connection 


Connercts an oscıllator havıng the oscıllatıon frequency 2 tımes 


as hnıgh as the system cluck (CL.KOUT: frequency 


The Sıngle-phase Clock Input 
When the clock ınput ıs placed ın the DC: state tcontınued “1” 
or “0” level: .thıs pın stops operating and holds the state ofthat 
Lime. 


Normally, thıs pın ıs connected with the CLKOUT pın 


However. to operate the system wıth Ihe external clock. 


connect the external clock wihe CLKIN pın 


CLKOUT The Single-phase Clock Output 


When a Halt ınstruction ıs executed ın Lhe Stop ü- Idle-| mode, 
the CLKOUT output ıs retaıned at “0” In the Run and Idle 2 
nmodes. the clock ıs kept output. This pın provides the clock to 


other perıpheral ICs. 


The Reset sıgnal ınput. This sıgnal resets the ınternal states nf 
the TMP7Z84C.O015A. This sıgnal ıs also used to return from the 


standby state ın the Stop or Idie mode. 
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The Maskable Interrupt sıgnal. An interrupt is caused h" *+= 
ınternal CTC, SIO, PIO or the peripheral LSI. An ır..errupt ıs 
acknowiedged when the ınterrupt enabie flip-flop (IFF) is set w 


“1” by software. 


The INT pın ıs normally wire-ORed and requires an external 
pullup resıstor for these app!:cations. This signal is also used 


to return from the stand-by state in the Stop or Idle mode. 


The Waıt Request sıgnal This sıgnal indicates the CPU that 
the addressed memory or | / O device ıs not ready for data 


transfer As long as thıs sıgnal is “0” . the CPU is in the Waıt 


state. 


The BUSRERQ signal forces the CPU 
address bus, data bus. and control sıgnals MREQ, IORQ, RD, 


The bus Request sıgnal 


and WR to be placed ın the hıgh-ımnpedance state. This signal 
ıs normally Wıre-ORed and requires an externa] pullup 


resıstor for these applications. 


BUSACK The Bus Acknowiedge sıgnal. In response to the BUSREQ 


sıgnal, the BUSACK sıgnal ındıcates to the requesting 


perıpheral LSi that ine CPU address bus, data bus, and control 
sıgnals MREQ, IORQ. RD and WR have been put in the high- 


ımpedance state. 


The Halt sıgnal. Thıs pın goes “0” when the CPU has executed 
a Halt ınstruction and ıs ını the Halt state. It ıs put ın the high- 


ınıpedance state when the EV sıgnal ıs applied. 


The refresh sıgnal. When the dynamic memory refresh 


address ıs on the low-order B bıts of the address bus. thıs sıgnal 


goes “O” .. Atthe same time. the MREQ sıgnal also goes actıve 
(“0”). This pın ıs put ın the high-ımpedance state when the EV 


sıgnal ıs applıed. 
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Qty 
Type Function 
(Number) > 


CLK/TRGO The external clock / tımer trıgger These 4 CLK / TRG pıns 

CLK/TRG3 (78-81) correspond to 4 channels In the counter mode, the down 
counter ıs decremented by | and ın the tımer mode, the tımer ıs 
actıvated al each actıve edge (a rısing or fallıng edge) of the 
sıgnal which are ınput by these pıns. It can be selected by 
program whether the actıve edge ıs a rısing or fallıng edge. 


Output The Zero Count / Tımer Out sıgnal. In either the Tımer mode, 
174-775 or counter mode, pulses are output from these pıns when the 
down counter has reached zero 


The Interrupt Enable Input sıgnal Thıs sıgnal ıs used wıth the 
IEO to form a priority daısy chaın when there ıs more than one 


interrupt-driven perıpheral LSI. 


The Non-maskable Interrupt Request sıgnal 

Thıs ınterrupt request has a higher prıority than the maskable 
ınterrupt and ıs not dependent on the ınterrupt enable flıp-Nop 
(IFF)state. Thıs sıpnal ıs also used to return from the stand-bv 


state ın the Stop or Idie mode. 


The Evaluator sıgnal. When thıs sıgnal ıs actıve, the MI, 
HALT. and RFSH pıns are put ın the high-ımpedance state. In 
using the TMPZ84C015A as an evaluator chıp, the CPU ıs 
electrically disconnected ! put ın the hıgh-ımpedance state) 
after one machıne cycle ıs executed wıth the EV sıgnal being 
“1” and the BUSREQ sıgnal being “0”, and follows the 
instructions from other CPU ısuch as the CPU of ICE) The 
sıgnals of the dısconnected CPU are A0OO through Al5, DO 
through DT, MREQ. IORQ. RD. WR. MI, HALT. and RFSH. 


BUSACK needs to be dısconnected by an externally connected 


cırcuit. The evaluator board ıs avaılable to use the 


TMPZB4C015A asan evaluator chıp. 
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Qty 


Type bunctıon 


(Number) 


Output The 1-bit auxılıarı address bus This pın outputs the same 


sıgnal asthe bıt ' A” utthe address bus. However. durıng a 


refresh evcie tnıs pın outputs the address which ıs the most 


sıgnificant bit uf the &-bıt refresh address sıgnal lınked to the 


low-order 7 bııs ofthe address bus. 


The Port A Strobe Pulse From Peripheral Device. This sıgna) 
ıs used at the handshakıng between port A and external 
cırcuıts. The meanıng of thıs sıgnal depends on the mode of 
operation selected for port A. (See “PIO Basıc Timing”. ı 
BSTB l Input 
(6) ) 


i Es E 


2 Sn nr 
PAO-PA7 8 Input / Output 
(22-29) 3-state 
PBO-PB7 8 
(53-60) 


The Port B Strobe Puise From Peripheral Device Thıs sıgnal 


ıs used at the handshakıng between port B and externa) 


cırcuits The meanıng of thıs sıgnal ıs the same as the ASTB 


sıgnal except when port A ıs ın the mode 2. (See “PIO Basıc 


Tuning”. 


The Register A Ready sıgnal This sıgnal ıs used at the 


handshakıng between port A and external cırcuıts. The 


meanıng of thıs sıgnal depends on the mode of operation 
selected for port A 


(See “PIO Basıc Timing”. 


The Regıster B Ready sıgnal. Thıs sıgna) ıs used at the 


handshakıng between port B and external cırcuits. The 


meanıng of thıs sıgnal ıs the same as the ARDY sıgnal except 


when port A ısın the mode 2. (See “PIO Basıc Timing”. ı 


The Port Data A sıpnal. 


These sıgnals are used for data transfer between port A and 


external cırcuits. 


Input / Output 


The Port Data B sıgnal. 


3-state These sıgnals are used for data transfer between port B and 


external cırcuıts. 
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Q'ty 
Type F to 
(Number) a MEERE 


W/RDYA 2 Output The Waıt Keady signal A and the Waıt / Readv sıgnalB. 

W/RDYB (30,52) These sıgnals .an be used as the Waıı or Readv depending on 
SIO programming When these sıgnals are programmed as 
“"Waitl’, thev go actıve at “0” to ındıcate to the CPU that the 
addressed memory or l/O devices are not ready for data 
transfer, requesting the CPU 10 waıt When these sıgnals are 
programmed as “Ready”, they go actıve at “0” to determine 
when a perıipheral device associated wıth a DMA port ıs readv 
for a read or write data. The DMA ıs requested to transier 
data. 


SYNCA Input / output 
SYNCB 


RXDA 2 
RXDB (32,50) 
RXCA 2 
RXCB 33.49) 
TXCA 
TXCB 
TXDA 2 Output 
TXDB (35.47 
2 


DTRA 
DTRB (36,46 


RTSA 2 Output 
RTSB 137.45) 
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The Svnehronizatıon sıgnal In the asynchronous receive 


mode. these sıgnals act as the UTS and CDC sıgnals In the 


external svnc ınode, these sıgnals act as ınputs and ın Ihe 


ınternal sync ınode, they act as outputs. 


The Serial Receive Data sıgnal. 


The Receive Clock sıgnal In the asynchronous mode. the 


Receıve Clocks may be I, 16. 32 or 64 tımes the data transfer 


rate. 


The Transmitter Clock sıgnal. In the asvnchronous mode, the 


Transmitter Clocks may be |, 16. 32, or 64 tımes the data 


transfer rate. 


The serial transmit data sıgnal. 


Output The Data Terminal Readr sıgnal. These sıgnals ındıcate 


whether the data termınal ıs readv to receive serial data or not. 


When ıt ıs ready. these sıgnals go actıve Lo enable the 


transmitter ofthe terminal. When ıt ıs not ready. these sıgnals 


go ınactıve to dısable the transfer fronı the termınal. 


The Request to Send sıgnal These pıns are “0” wnen 


transmitting serial data. That ıs. to transmıt data, these 


sıgnais are made active to enable Lheır receivers. 
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Oty 


(Numper) 


Output 


421 


WDTOUT l Output 
73) 


Function 


The Clear Tu Send sıgnal When these pıns are “0”. the modem 
havıng transmıtted these sıgnals ıs ready to receive serial 
data When ıt ıs ready, these sıgnals gu actıve to enable the 
transmitter ofthe terminal When ıt ıs not ready. these sıgnals 


go ınactıve to dısabie the transfer from the terminal. 


The Data C.aarrıer Detect sıgnal When these pıns are “0” the 


ıeceıve of serial data can be enabled. That ıs, to transmiıt data, 


ihese sıgnals are made actıve io enable their receıvers. 


The test pıns To be used ın the open state 


The Wauwchdog Tımer sıgna! 
The nutput pulse width depends on the externally connected 


pın 


The power supply (+5 Vıpıns 


The ground (O0 V ı pıns. 
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3. OPERATIONAL DESCRIPTION 


3.1 Block Diagram and Operational Outline 


3.1.1 Block Diagram 


“TALı XTALD Mi MALT CLROUT BUSREO BUSAcK 


} 


MREOQ 


— 
aM 


Reset To 


N? 


2C/TOp 
I} 
2C/ 103 


Qaxr TAGo 
\ 
[LK /TAGz 


IEI WR RFSM 
1EO 


Watchdog tımer ICT 
& regısters IcT 
MI - RESET MS1.MS2 


Figure. 3.1.1 Block Diagram of TMPZ84C015A 
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3.1.2 Operational Outline 


The TMPZ84C015A largelv consısts of a processor (CPU) , a counter / timer circuit (CTC), a 
serial input / output controller (SIO) , a parallel input / output controller (PIO) , a watchdog 
tımer (WDT) , and a clock generator / controller (CGC). 


The CPU provides all the capabilities and pins of the Toshiba TLCS-Z80 CPU 
(TMPZ84C00A) to play the role ofthe TLCS-Z80 microprocessor perfectly. 


The CTC provides the capabilities of the Toshiba TLCS-Z80 CTC (TMPZ84C30A) and has 
the pins required to perform the necessary operations as a TLCS-Z80 peripheral LSI The 
four independent timer channels are | / O-addressed internally 


The SIO provides the capabilities of the Toshiba TLCS-Z80 SIO (TMPZ84C43A) and has the 
pins required to perform the necessary operations as a TLCS-Z80 peripheral LSI. The two 
independent serial channels are | / Ö-addressed ınternally 


The PIO provides the capabilities of the Toshiba TLCS-Z80 PIO (TMPZ84C20A) and has the 
pins required to perform the necessary operations as a TLCS-Z80 peripheral LSI. The two 
independent parallel ports are | ’ O-addressed internally. 


The WDT incorporates one-channel watchdog timer and the read / write-enabled watchdog 
timer control registers ındispensable for control applications The WDT also has the register 
to determine ınterrupt priorities, allowing the user to set the daisy-chain ıinterrupt priorites 
by program Additionally, the WDT has the lEl and IEO pıns required to process the daisy- 


chain ınterrupts caused by the perıpheral LSIs to be added both inside and outside the 
TMPZ84C015A 


The CGC provides the four operation modes to control the entire TMPZ84C015A chip; the 
Run, Idie-1, Idle-2, and Stop modes They are program-selectable. This chip has two clock 
pıns CLKOUT to supplv clock from the CGC and CKLIN to get clock from the outside. 
Therefore, the TMPZ84C015A can be operated on the clock supplied from the outside at the 
CLKIN pin without using the CGC_ The following briefly describes the four operation modes 
ofthe CGC with the CLKOUT and CLKIN pins connected: 


In the Run mode, the clock generated by the CGC is supplied to the TMPZ84C015A and 


peripheral LSIs to perform the normal programmed microcomputer operations. 


In the Idle-1 mode, clock oscillation is going on but the clock is not supplied to the 
TMPZ84C015A and peripheral LSI, thereby saving the system power consumption and 
shortening the time required for system restart. 


In the Idle-2 mode, clock oscillation is performed and the clock is output from the CLKOUT 
pin The clock is supplied only to the CTC in the TMPZ84C015A, permitting a wake-up 
operation by the CTC. Like the Idle-I mode, the Idle-2 mode saves the system power 
consumption and shortens the time required for system restart. 
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© In the Stop mode, clock oscillation is not performed and the system operation can be 
stopped completely. In this mode, the system can be restarted with the internal data 
retained with an extremely low power consumption level unique to the CMOS technology. 


Note that these modes can be set only when the CPU has executed a HALT instruction. 


Additionally, the TMPZ84C015A has also the EV pin which is used with the BUSREQ pin to 


| 

| 

/ put the CPU in the high-impedance state for electrical disconnection, thus functioning as an 
| evaluator chip. That is, the CPU in the TMPZ84C015A is electrically disconnected by these 
two pins to implement the emulation by the signal from the in-circuit emulator (ICE) . For | 
/ emulation, one machine cycle is performed on the CPU in the TMPZ84C015A with EV being ef | 
/ “1” and the BUSREQ being “0” then the emulation is performed as instructed by the CPU. 
/ The CPU signals to be disconnected are A00 through A15, DO through D7, MREGQ, IORQ, RD, 
Mı, HALT, and RFSH, BUSACK needs to be disconnected by an externary connected circuit. 
/ 
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3.2 CPU Operations 


This Subsection describes the system configuration, functions and the basic operations of the 
CPU ofthe TMPZ84C015A 


3.2.1 Block Diagram 


Figure 3.2 1 shows the block dıagram of the CPU 


Address bus Output Circuit 


CIKın Accumulator (A) Accumulator (A) 
Flag) | Flag) | 
C register 
| __ Dregsier |  Diregister 
| Eregister | Erreger 
| tregster |  Riregister | 
Stack poınter (SP) 
Program poınter (PC) 
Temporary regıster 
Incrementer /decrementer 


| 


INTERNAL DATA _BUS 


oO 
o 
DATA BUS INTERFACE 


INSTRUCTION 
REGISTER 


Instruction 


5 
decode ei 
x 
x 
-w 
zZ u 
oO @ EV 
> 
Pr | 
Contro! oO Ss mu RESET 
Data ı/O HO sıgnalto = oO RFSH 
Controi Control RER 7, 
MI 


Interrupt 
control Control bus controller 


] | | 


NMI INT IORQ HALT WAIT MREQ RD WR BUSREQ BUSACK 


Figure. 3.2.1 CPU Block Diagram 
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3.2.2 CPU System Configuration 


The CPU has the configuration shown in Figure 3.2.1. The address signal is put on the 
address bus via the address buffer. The data bus is controlled for input or output by the data 
bus interface Both the address and data buses are put in the high-impedance state by the 
BUSREQ signal input to make them available for other peripheral LSis The Opcode read 
from memory via the data bus is written to the instruction register. This Opcode ıs decoded by 
the ınstruction decoder According to the result of the decoding, control signals are sent !o the 
relevant devices Receiving these control signals, the ALU performs various arithmetic 
operations The register array temporarily hold the information required to perform ww,’ 
operation. 


The following describes the CPU’s main component and functions which the user must 
understand to operate the TMPZ84C015A. 


[1] Internal Register Groups 
The configuration of the internal register groups is as follows: 


(1) Main registers 
A.F.B.C:BE;H,L 


(2) Alternate registers 
Ai,F .B-EIDSE ML 


(3) Special purpose registers 
:R, TR, IY, SP. PC 


Figure 3.2.3 shows the configuration of the internal r«gister groups The register groups, each 
being of a static RAM, consists of eighteen 8-bit registers and four 16-bit registers. The 
following describes the function of each register: 


(1) Main registers(A,F,B,C,D,E,H, L) 


(a Accumulator (A) 


The accumulator is an 8-bit register used for arıthmetic and data transfer operations. 


(b) Flag register (F} (see Fig. 3.2.2) 


The flag register is an 8-bit register to hold the result of each arıthmetic operation. 


Actually, the 6 ofthe 8 bits are set (“1”) / reset (“0”) according to the condition specified by 
an ınstruction. 


MSB LSB 


7 6 5 4 3 2 I 0 
(* = Undefined) 
SI RER IT 


Figure. 322 Flag Register Configuration 
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The following 4 bits are directly available to the programmer for setting the jump, call ar:d 
return instruction conditions 


MSR LSB MSB LSB 
? 0 7 2) 


A F 


Generai-purpose Main register 


register 


Alternate register 


| 
x F 


MSR 


15 0 
indes» regıster ıX 
Generali purpose Index register IY 


interrupt vertor Memory ıefresh 
' R 
L5B 
Special regıste! 


| 
Fıqure 323 Flag Regıster Configuration 
e Sıgn Nag (5) 


When the result of an operation is negative, the S flag is set to “1” Actually, the content of 
bit 7 of accumulator is stored ın thıs flag 


® Zero Nag (2) 


When all bits turn out to be “0” s after operation, the Z flag is set to "1”  Otherwise, it is set 
to “0” Witha block search instruction (CPI, CPIR, CPD or CPRD) ‚ the Z flag is set to "1" ıf 
the source data and the accumulator data match With a block I / © instruction (INI, IND, 


OUTI or OUTD) , the Z flag is set to “1” if the content of the B register used as the byte 
counter is “0” at the end of comparison. 


nn nn 
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Parity /overflow flag (P/V) 


This flag has two functions. One is the parity flag (P) that indicates the result of a logical 
operation (ANDA, Betc. ) The P flag is set to “1” ifthe parity is even as a result of the 
operation on signed values by two’scomplement It is reset to “O0” ifthe paritvisodd Witha 
block search instruction (CPl, CPIR, CPD or CPDR) and a block transfer instruction (LDI or 
LDD) . the P flag indicates the state of the byte counter (register pair Band C) It is set to 
“1” ifthe byte counter is not "0” and reset to “0” when the bvte counter becomes "0" (at the 
end of comparison or data transfer) The content of the interrupt enable flip-flop (IFF) is 


saved to the P flag when the contents of the R register or | register are transferred to the 
accumulator. 


The other use ofthe P/ V flag is the overflow flag (V) that inuicates whether an overflow has 
occurred or not asa result ofan arithmetic operation. The V flag is set to “1” when the value 
ın the accumulator gets out of a range of the maximum value + 127 and the minimum value 


— 128 and therefore cannot be correct|y represented as a two's complement rnotation 


Whether the P / V flag operates as the P flag or V flag is determined by the type of the 
Instruction executed. 


Carry lag (C) 


The C flag is set to “1” ifa carry occurs from bit 7 ofthe accumulator or a borrow occurs as a 
result of an operation 


The following two flags are not available to the programmer for the test and set ("1") / reset 
("0") purposes They are internallv used by the CPU for BCD arithmetic operations 


Halfcarry Nag (H) 


The H flag ıs used for holding the carry or borrow from the low-order 4 bits of a BCD 
operation result. When a DAA instruction (decimal adjust) is executed, the CPU 
automatically usesthe H flag to adjust the result of a decımal addition or subtraction. 


Add / subtract lag (N) 


In BCD operation, ulgorithm is different between addition und subtraction. The N flag 


ındıcates whether the executed operation is addition or subtraction 


For change of the flag state depending on the instruction, see 3.2.4 “"TMPZ84C015A 
Instruction Set” 


General-purpose registers(B,C.D,E,H. Li 


General-purpose registers consist of 8 bits cach Thev are used as 16-bit register paırs (BC, 
DE, HL) as well as independent 8-bit registers to supplement the accumulator The B 
regıster and the register paır BC are used as counters when a block I / O, block transfer, or 
search ınstruction is executed The register pair HL has varıous memory addressing 
features as compared with the register pairs BC and DE 


(2) Alternate registers(A',F',B',C', D', E', H', L’) 
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(a 


(b) 


(ec) 


The configuration of the alternate registers is exactiy the same as that of the main registers. 
There is no instruction that handles the alternate registers directly. The data in the 
alternate registers are processed by moving them into the main registers by means of 
exchange ınstructions as shown below: 


EXAF,AF (A=A', F>+P) 
EXX (B+B',C+C' D>+D', EE, HH’, LoL’) 


When a hıgn-speed ınterrupt response has been requested within the system, these 
instruction can be used to quicklv move the contents of the accumulator, flag registers, and 
general-purpose registers into the corresponding registers This eliminate the need for 
transferring the register contents to / from the external stack during execution of the 


ınterrupt handlıng routine, thereby shortening the interrupt servicing time greatly. 
Special purpose registers (1, R, IX, IY, SP, PC) 
Interrupt page address register (]) 


The TMPZ84C015A provides two kınds of interrupts :maskable ınterrupt (INT) and non- 
maskable interrupt (NMI) The maskable ınterrupt provides three modes (0, 1, and 2) ın 
which the ınterrupt ıs handled These mode can be selected by instructions IMO, IM1, and 
IM2, respectively In Mode 2, any memorv locatıon can be called indirectiy depending on the 
interrupt For thıs purpose, the I regıster stores the high-order 8 bits of the indirect address 
The low-order 8 bıts are supplied from the ınterrupting peripheral LSI This scheme permits 
callıng the ınterrupt handlıng routine from any memory location in an extremely short 


access time For the details of ınterrupts, see [4] “Interrupt Capability” 


Memorv refresh register (R) 


The R register ıs used as the memory refresh counter when the dynamic RAM is used for 
memory This permits using of the dynamic memory in the same manner as the static 
memory Thıs 8-bit register is automatically incremented for each instruction fetch. While 
the CPU decodes and executes the fetched instruction, the contents of the R register are 
svnchronized with the refresh signal to place the low-order 7 bits and A7RF on the address 
bus This operation is all performed by the CPU and, therefore, dose not need a special 
processing by program The CPU operation is not delaved bv this operation During refresh, 
the contents of the I register are placed on the high-order 8 bits of the address bus. 


Index registers (IX, IY) 


The two independent index registers IX and IY hold the 16-bit base address when used in the 
index addressing mode In thıs addressing mode, the memory address obtained by addıng 
the contents of an index register to the displacement value (for example, LD IX +40H) is 
specified. This mode is convenient for using data table. Also these registers can be used 


separately for memory addressing and data retaining registers. 


(d) Stack pointer (SP) 
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[2}) 


(e! 


The stack poınter is a 1#-bit register to provide the start address information in the stack 
area inthe external RAM The content of the stack pointer is deeremented at the execution 
ofa call instruction or PUSH instruction or interruption handling and ıs ıncremented it the 
execution ofa return instruction or POP ınstruction At the execution nf a call instruction or 
interrupt handling, the current content of the program counter is saved into the stack At 
the execution of a return instruction, the content is restored from th« stack to the program 
counter These nperations are all performed by the CPU automatically However. the other 
registers are not saved or restored automatically For the storing uf the contents of these 
registers, an exchange instruction (EX or EXX) for alternate register a PUSH or a POP 
instructions must be used When a PUSH instruction is executed, the contents of the 
specified register are saved ınto the stack when a POP instruction ıs executed. tne contents 
ofthe stack are moved to the specified register 


These data are restored on a last-in, first-out basis Use ofthe stack permits processing of 
multiple-level ınterrupts. deep subroutine nestings. and varıous data manipulation very 
easıly The stack pointer is not initialized in the hardware approach Therefore. ıt ıs 
required to allocate the stack area ın RAM to specifv initialization (at the highest address of 
the stack area) ın the initial program. 


The foregoing example shows the stack poınter and Stack operations in which the 
instructions starting wıth the CALL at address 1230H and ending with the RET at address 
16021 have been executed However, it ıs assumed that there ıs no ınstruction or ınterrupt 
other than shown above that uses the stack during the execution When the value uf the 
stack pointer before executing the CALL instruction at address 1230H ındicates address 
FFFIH, address 1233H ıs stored at addresses FFFOH and FFEFH because the CALL 
instruction consists of 3 bytes. then the stack pointer ıs decremented Sımılarly, the data are 
saved or restored sequentiallv according to the ınstructions. These stack and stack poınter 
operations urc all performed automatically 


Program counter (PC) 


The program counter hulds, in 16 bits, the memory address of the ınstruction to he executed 
next The CPU fetches the instruction from the memory location ındıcated by the program 
counter When the content of the program counter is put on the address bus. the program 
counter i- ınceremented automatically However, it is not incremented with a jump 
Instruction. a call instruction, or in terrupt processing Instead, the specified new address is 
setonit With. return ınstruction, the content restored from the stack is set on the program 
counter These operations are all performed automatically and therefore, no care ıs required 


for programmıng 


Halt Capability 


When a HALT instruction has been executed, the CPU is put ın the halt state The halt 
capabilitv can be used to halt the CPU against the external interrupts, thereby reducing the 
power dissipation In the halt state the states of CPU'’s internal registers are retained. The halt 


state is cleared by reset or when an interrupt is accepted For the details of halt operation, see 


[3] "Basıc Timing ” 
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(1) Halt operation 


When a HALT instruction has been executed, the CPU sets the HALT signal to "0" wo 
indicate that the CPU’ ıs going to be put in the halt state Actually. the CPU ın the halt 
state automatically continues executing NOP ınstructions if there ıs the system ciock 
ınput However, the program counter is not incremented. This keeps the refresh sıgnal 
generated when the dynamıc memory ıs used During halt, the CPU’s internal states are 
retaıned The TMPZEBE4CO15A contains the clock generator/controller, easily 


ımplementing the clock ınput control for these halt operations 


(2 


Releasıng the halt state 


The halt state is cleared by accepting an interrupt (the INT or \MI signal ınput) or by 
reset (the KESET sıgnal input) When an ınterrupt is accepted. the halt state is cleared 
and the ınterrupt handling routine is executed liowever, a maskabie interrupt (INT) 


cannot be accepted unless the ınterrupt enabik flıp-Nlop (IFF) ıs set 


Note that when the halt state is cleared by the RESET signal, the CPL ıs reset and the 


program counter ıs set to "0" 
[3] RESET Sıgnal 


Holdıng the RESET pın at the low level ("0”i under the following conditions, the CPU’s 


internal States are reset 
(1) The supplv voltage level ıs wıthın the operational voltage range 
(2) System ciock stabilızatıon 


(3) Holding the RESET sıgnal at the low level ("0") for at least 3 full clock cycles When the 
RESET signal goes high (“i”) , the CPU starts executing ınstructions from address 
OOOONH after at least 2T state dummy cyvcles 


When reset. the CPU performs the following processing 


(1) Program counter 
OOOOR ıs set 


(2 


— 


Interrupt 

The interrupt enable flıp-Nop (IFF) ıs reset to “0” to disable the maskable ınterrupt 
For the maskable ınterrupt processing, mode 0 is specified 

(3) Control output 


All control outputs are made inactive (“1”). Therefore, the halt state is also cleared. 


(4 


— 


Interrupt page address register (] register) 
The content ofthe R register becomes OOH. 


(5) Refresh register (R. register) 
The content of the R register becomes OOH. 


TE 
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[4] 


The contents of the registers other than above and the external memory do not change. 
Therefore, they must be initialized as required. 


Interrupt Capability 


The interrupt capability is used to suspend the execution of the current program and execute 
the processing of the requested peripheral LSI. Normally. this interrupt processing routıne 
contains the data exchange and transfer of status and control information between the CPU 
and the peripheral LSI When this routine has been completed, the CPU returns to the state 
before the ıinterrupt has been accepted. 


The TMPZ84C015A provides the non-maskable - interrupt (NN (NMI) and maskable ınterrupt 
(INT) capabilities which are detected by the "NMI and INT interrupt request sıgnals, 
respectiveliy A non-maskable interrupt, when caused by a peripheral LSI, is accepted 
unconditionally This interrupt is used to support critical functions such as the protection of 
the system from unpredictable happening including power failure A maskable interrupt can 
be enabled or disabled by program. For example, if the timer is used and, therefore, an 
ınterrupt is not desired, the system can be programmed to disable the interrupt Table 3.21 
lısts the processing bv ınterrupt source. 


(}) Interrupt enable / dısable 


A non-maskable ınterrupt cannot be disabled by program, while a maskable ınterrupt can 
be enabled or disabled by program. The CPU has the interrupt enable flip-flop (IFF} A 
maskable ınterrupt can be enabled or disabled by setting this flip-flop to “1” (set) or "D” 
(reset) through an El ınstruction (enable) or a DI instruction (disable) ın program 

Actually, the IFF consists of two flip-Nops IFFi1 and IFF2 IFFI ıs used to select between 
the enable and disable of a maskable interrupt IFF2 holds the state of IFFI before a 
maskable interrupt has been accepted Both IFF1 and IFF?2 are reset to “0” when any of 
the following conditions occurs, disabling an interrupt. 


e CPU reset 
© Execution of DI ınstruction 


© Acceptance of maskable ınterrupt 


Both IFF1 and IFF?2 are set to “1” when the the following condition occurs, enabling an 
ınterrupt. 


© Execution of El instruction 


Actually, the waiting maskable interrupt request is accepted after the execution of the 
instruction that follows the EI instruction. 

Thıs delay by one instruction is caused by accepting an interrupt after completion of the 
execution of a return instruction if the instruction following the EI ınstruction is a return 
instruction. 


Inthe above operation, the contents of IFF1 and IFF2 are the same. 
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Table 3.2.1 Processing by Interrupt Source 


Interr r rn 
Interrupt Source Priority errupt retu 


Programmeo condıtıor 


venor adoress 


ınstruction 


Non-maskable ınterrupt None Address 66H RETN 


tthe fallıng edge o! NMI) 


Instruction from 


Maskable ınterrupt (INT 


peripheral LSI. 
Normally, CALL cr RST 


becomes “0” al 


ınstruction's last clock) 


ınstruction. Address 


38H. 


The address ind:cated br 
the data table ıimemorn) 
at the address specified 
by I register !Iugh-order 
8 bıts:; ano data from 
perıpheral LS] :low- 
order B bııs, LSB = "0°. 


Note: Mode 0 applies when the instruction from peripheral LS) is CALL. or RST instruction 


(\DA 'orı\DA R) 


actuaiihT enable 


ıdısabie) Executed ınstruction 


0 0 CPU reset 
Di nstruction 
INT acceptance 
I ] Eiinstruction 
REIN ınstruction 
when Iff2 =) 
0 State of IFFI NMiI acceptance 
beiore NMI 
äcceptiance 


Figure 3.2.4 Interrupt Enable Flıp-Flop (IFF) 
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When a non-maskable interrupt has been accepted, IFF1 is reset to “0” (interrupt disable) 
until an El or RETN instruction is executed, so as to prevent from accepting the next interrupt For 
this purpose, the state (interrupt enable / disable) of IFF1 immediately before non-maskable 
interrupt acceptance must be stored. This state is copied into IFF2 upon acceptance of a non- 
maskable interrupt. The content of IFF2 is copied into the parity flag at the execution of the 
following instructions, so that the copied data can be tested or stored: 


e The load instruction (LD A, I) to load the contents of the | register into the accumulator. 
© The load instruction (LD A, R) to load the contents of the R register into the accumulator 


When the return instruction (RETN) from the non-maskable interrupt is executed, the 
contents of the current IFF2 are copied back to IFF1. If an operation which changes the 
contents of IFF2 (due to the execution of El or DI instruction, for example) has not been 
performed during interrupt handling, IFF1 automatically returns to the state immediately 


before the ınterrupt acceptance. Table 3.2.1 lists the states of IFF1 and IFF?2 after execution 
of interrupt-related instructions. 


Table 3.2.1 StateofIFFi.andIFF2 


CPU reset 

El 

NMI acceptance 
LDA,! 

RETN 

LDA.R 


Parıtv lag-IFF?2 
IFFi-IFF?2 
Parıtv lag-IFF2 


INT acceptance 
RETI 

El 

NMl acceptance 


Note : * =no change. 


(2) Interrupt processing uw 


With a non-maskable interrupt, the internal NM] flip-flop is set to “1” on the falling edge 
of the interrupt signal, NMI. The state of this flip-flop is sampled on the rising edge of the 
last clock of each instruction to accept an interrupt. A maskable interrupt is accepted if 
the interrupt signal INT is low (“0”) on the rising edge of the last clock of each instruction 
and the interrupt enable state (IFF=1 and BUREQ signal=inactive (“1”) )ison. The 


following is the processing to be performed after a non-maskable interrupt and a 
maskable interrupt are accepted: 
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(a Non-maskable interrupt (NMIı 


When a non-ınaskable interrupt has been accepted. the CPU performs the following 
processing 


l The internal NM] flip-flop is reset to “0” 
2 IFFI ıs reset to “0”, diısabling the maskable interrupt 


The contents of the IFF1 ımmediately before the ınterrupt acceptance are copied into the 


a IPFR. 


3 The content of the current program counter is saved ınto the stack. 
4 The instructions starting from non-maskable interrupt vector address 66 are executed. 


the non-maskable interrupt processing program terminates after executing the RETN 
ınstruction This return instruction performs the followings: 


l The contents of the current IFF2 are copied ınto IFF1 


2 The contents ofthe program counter are restored from the stack. 


Acceptance of non-maskable ınterrupt (NM) 


Execution of ordınary program 


Service routıne 


Addres OO66H Execution of RETN ınstruction 


Figure 3.2.5 Non-Maskable Interrupt Processing 


(b) Maskable ınterrupt (INT) 


en When a maskable interrupt has been accepted, the CPU performs the following processings 


1 BothIFFi1 and IFF?2 are reset to “0”, disabling the maskable interrupts. 
2 The content of the current program counter is saved into the stack. 


3 A maskable interrupt is serviced in one of the three modes 0, 1 and 2. A mode is selected by 
executing the instruction IMO, IMI or IM2 before the interrupt is serviced. The instructions 
are executed starting from the vector address corresponding to the selected mode. 


e Mode0 
In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a call 


instruction (call) on the data bus and the CPU executes the interrupt service routine 
according to that instruction. At rest, this mode is automatically set. 
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Acceptance of ınterrupt ın mode O 


Execution of ordınary program 


RES 
| Service routıne De 
ee 


Address specified by CALL or Execution of RETI instruction RST from peripheral LSI er 


Figure 3.2.6 Inierrupt Processing ın Mode 0 


ee Mode] 


When an interrupt is accepted in mode 1, restart is performed from address 0038H 


Therefore, the service routine for this interrupt is programmed from the address 0038H 


Interrupt ın mode | 


Execution of ordınary program 


Service routıne 


Address 0038H RE TI ınstruction 


Figure. 3.2.7 Interrupt Processing ın Mode ! 
e Mode 2 


The ınterrupt processing in mode 2 requires a 16-bit pointer consisting of the high-order 8 
hits ofthe I register and the low-order 8 bits (with the LSB="0") of the data fetched from a, 
ınterrupting CTC or TLCS-Z80 family peripheral LSI. Therefore, the necessary value must 
be loaded in the | register beforehand. This pointer is used to specify the memory address in 
the table The contents of the specified address and the next address provide the start 
address of the service routine Therefore, use of this mode requires the table of the service 
routine's start address (16 bits) to be set at appropriate location under software control This 
location can be anywhere in memory. The LSB of the table pointer is set to “0” because a 2- 
byte data is needed to specify the service routine start address in 16 bits and start that 
address from an even-number address. In the table, the start address begins with the low- 
order byte followed by the high-order byte as shown in fig. 3.2.8. 
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nr 


Interrupt ın mode 2 


Execution of ordınary program 
Service routıne 


Execution of 
RETI ınstruction 


Table 


register CTC or TLC5-280 tamıiy 
peripnerall.$! 


Figure 3.2.8 Interrupt processing In Mode 2 


Mode 2 ıs used ın the daısy chain interrupt processing using the CTC and TLCS-Z80 family 
LSI The CTC and TI.CS-Z80 family peripheral LSIs all contain the interrupt priority 
controller ın daisy chaın structure In thıs interrupt structure, the interrupt request signals 
are connected one after another and gıven priorities for processing when two or more 
maskable interrupt request occur at a time Only the interrupt vector from the peripheral 
LS] having the highest priority is put on the data bus. By receiving the ınterrupt vector ın 
mode 2, the processing for that periphera! LSI can be performed. When an interrupt 
requested by a perıpheral LS! havıng a priority higher than that of the current peripheral 
LSI during the execution of thc ınterrupt processing routine, the higher prioritv interrupt 


can be enabled by the EI ınstruction to form an interrupt nesting 


The maskable ınterrupt processing program terminates by executing an RETI ınstruction. 


This return instruction performs the following processings: 
© Restores the content of the program counter from the stack. 


© Notifies the requesting peripheral 1.SI of the termination of ınterrupt processing 


3.2.3 CPU Status Transition Diagram and Basıc Tıming 


1] 


The following describes the CPU status transition and the basic timing of each CPU operation. 


Instruction Cycle 


Each TMPZ84C015A ınstruction is executed by combining the basic operations of memory read / 


write, input / output, bus request / acknowledge, and interrupt. These basic operations are 


performed synchronizing with the system clock (the CLK signal). 


MPUZ80-015-26 


TOSHIBA TMPZBACO15AF 


TMPZB4C015AF-6 


One clock period ıs called a state (TA The smallest unit of each basıc operation ıs called a 
machine cycle (M) Each instruction consists of 1 to 6 machine cycles and each machine cycle 
consists of 3 to 6 clock states basically However, the number of clock states in a machine cycle 

' can be increased by the WAIT signal described later on Figure 3.2.9 shows an example of the 
basıc timıng of a 3-machine-cycle instruction. 


The first machine cycle (MI) of each instruction is the cycle in which the Opcode of the 
ınstruction to be executed next is read (thıs is called the Opcode fetch cycle) The Opcode fetch 
cycle basıcally consısts of 4 to 6 clock states In the machine cvcle that follows the Opcode 


fetch cycle. data is transferred between the CPU and the memory or peripheral LSIs. This | 
operation basıcally consists of 3 to 5 clock states 


Tcycie 


(Opcode fetch) (Memory read) (Memory write) 


Cycle ınstruction 


Figure 3.2.9 Example of CPU Basıc Timing (3-Machıne-Cycle Instruction) 


MPUZ80-015-27 


TOSHIBA TMPZBACO15AF 


TMPZ84C015AF-6 
12} Status Tınnsiıtiaon Diagram 
ers! 

a UN MI IMMEDIALELY AFTER ACCEPTING INT > 

NN _ 

| > 

Br ra! 
1 A nrercier Yes 
Yaas ci 
jr ut | 


as 


ni 


M3 


\ 
t? | < 0 OPFRATION Yes h + 
| 


YE&s u 


ai 
r&$ 
MEI ANER Aare: 
m Tree? 
MAL! 
INSTRUCTION 
ra | 


> 


mat EEE ng 


\ 


15 a 
” { IX wait 


yes Y&s 


Figure. 3.2.10 Status Transition Diagram 
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[3] Basıc Tıming 
(1) Opeode fetch cvcle (MI) 


In the Opcode fetch cycle, CPU fetches an Opcode in the machine-language codes in 


memory This ıs also called the MI cycle because it is the first machine cycle to execute 
each ınstruction 


Figure 3.2 12 shows the basic timing of a basic Opcode fetch cvcle. 


In clock state Tl, the content of the program counter is put on the address bus. The MI 
sıgnal goes"0”, indicating to the CPU that thıs is the Opcode fetch cycle At the same 
time, MREQ and RD signals go“O”. When the MREQ signal goes“O”, the address signal 
has already been stabilized Therefore, this signal can be used for the memory chip enable 
signal The RD signal indicates that the CPU is ready to accept the data from memory. By 
these signals, the CPU accesses memory to fetch the Opcode in the instruction register. 
The CPU samples the WAIT signal on the falling edge of clock state T2. If the WAIT 
signal ıs"O”on the falling edge of clock state T2 and the following wait state (TW) , the 
next state becomes clock state TW Figure 3.2.13 shows the delay state of the Opcode fetch 
cycle caused by the WAIT signal 


The data (ÖOpcode) on the data bus is fetched on the rising edge of clock state T3 then, the 
MREQ, RD, and MI signals go“1” Inclock state T3, a memory refresh address is put on 
the 8 bits consisting of the low-order 7 bits of the address bus and the A7TRF corresponding 
to bit 8 and the RFSH signal goes“0”and the MREQ signal goes“0”again. This signal 
indicates that the memory refresh cycle ison At this time, the contents of the I register 
are put on the high-order 8 bit of the address bus and the 7 bits of the R register contents 
and the A7RF signal corresponding to bit 8 are put on the low-order 8 bit of the address 
bus. By using the RFSH and MRERQ signals, memory refresh is performed ın clock state 
T3 and T4. However, the RD signal remains“1”because the contents of the memory 
refresh address are not put on the data bus. 


The address bus of 8 bits consisting of the low-order 7 bits of address (A6 through AO) and 
the ATRF are used as the 8-bit refresh address. That is, when ATRF is used for the refresh 
address, signals"OOH”through“80H”are output. In cycles other than the refresh cycle, 
the signal equivalent to A7TRF are output. However, at reset, the signals to be output are 
uncertain Figure 3.2.11 shows the refresh timing. 
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Figure 3.2.11 Refresh Tımiıng 


In clock state T4, the MREQ signal returns to“]”. The refresh address is kept output until 
the rısing edge of the clock state T] ın the next machine cvcle, keeping the RFSH signal 
setto “O” The cycle delay state caused bv setting the WAIT signal to "O”is the same ın 
the memorv read / write, input / output, and maskable interrupt acknowledge cycles. The 
dıagram of the cvcle delay state caused by the WAIT signal) set to “O”is omitted in the 


following description 
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Figure 3.212 Opcode Fetch Tıming 
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Figure. 3.2.13 Opcode Fetch Timing Including Wait State 
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(2) Memorv read / write operations 


Figure 3.2.14 shows the basic timing of memory read / write operations (except for the 
Opcode fetch evcle) in the same dıagram for convenience. 


In each operation, the memory address signal to read / write data on the address bus is 
output in clock clock state TI The operation ın which the WAIT signal is sampled in clock 
state T2 and the following TW state is the same as the Opcode fetch cycle. 


In memory read. memory data is put On the data bus by the address, MREQ, and RD 
signals The CPU reads thıs data 


In memory write, the memory address signal is put on the address bus then the MREQ 
signal is set to“O”to put the write data onto the data bus. When the data bus has been 


stabilızed, the WR signal ıs output ın clock state T2. The WR signal can be used as the 
memory write signal 


For memory read (ycie For memory write cycle ——— 


RETTET 
a ech 


Figure. 3.2.14 Memory Read / Write Cycle Tımıng 


(3) Input / output operations 


Figure 3.2.15 shows the basic timing of input / output operations. The feature of the /O 
operation timing is that, regardless of the state of the WAIT signal in clock state T2, the I / 
OÖ cycle automatically goes in the wait state (TW*) after clock T2. The WAIT signal is 
sampled on the falling edge of TW Ifthe WAIT signal is “O” on the falling edges of TW* 
and the following clock state, the I/O operation enters into clock state TW. Clock state 
TW* is inserted because the IORQ signal goes “O” in clock state T2, so that it is too late to 
sample the WAIT signal after decoding the /O port address. In each of input and output 
operations, the ] /O port address is put on the low-order 8 bits of the address bus in clock 
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state TI. On the high-order 8 bits. the contents of the accumulator or B register are 
output. In clock state T2, the IORQ signal goes“O”instead ofthe MREQ signal. The IORQ 
signal can be used as the chip enable signal for a peripheral LSI. 


In an input operation, the contents of the input port are read onto the data bus by the 
address, IORQ, or RD signals. The CPU reads this data. 


In an output operation, the output port address and the output data are respectiveiy put on 
the address bus and data bus in clock state TI, then the IORQ and WR signals go“O”in 
clock state T2. The WR signal can be used as the output port write signal. 
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Figure. 3.2.15 1/O Operation Timing 
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(4) Bus request and bus acknowiedge operations 
Figure 3.2 16 shows the basic timıng of bus request and bus acknowledge operations. 


The adaress bus (AO through A15) . data bus (DO through D?) , MREQ, IORQ, RD, and 
WR sıgnals controlled by the CPU can be put in the high-impedance state (floating) to 
electrically disconnect them from the CPU This operation, after sampling the BUSREQ 
sıgnal on the risiıng edge of the last clock of each machine cycle, starts on the rising edge of 
the next clock if thıs signal ıs found“O” 


Subsequently, these buses are controlled by external peripheral LSiIs For example, data 
can be directly transferred between memory and these peripheral LSIs This state is 
cleared if the BUSREQ signal is found"l"after sampling it on the rising edge of each 
subsequent clock state (TX) , and enters into the next machine cycle. During the floating 
state, the BUSACK signal goes"O”to indicate it to the peripheral LSIs. 


In thıs state, however, no memory refresh ıs performed and, therefore, the RFSH signal ıs 
set to"]"” Hence, to maıntain this state for a long time with a system using dynamic 


memory, memory refresh must be performed by the external controller. 


Note that, ın the floating state, neither maskable interrupt (INT) nor non-maskable 


ınterrupt (NMlıcan be accepted 
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Figure 3.2 16 Bus Request and Bus Acknowledge Tımıng 
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(5: Maskable ınterrupt acknowiedge operation 
Figure 3.2.17 shows the basic tıming of the maskable interrupt acknowledge. 


The CPU samples the maskable interrupt request sıgnal (INT) on the rısıng edge of the 
last clock of each instruction execution. If the INT sıgnal is found "0", a maskable 
ınterrupt Is accepted except ın the following cases 


| © The ınterrupt enable flip-flop is reset to "0". 
ee The BUSREQ signal ıs “0” 


When a maskable ınterrupt has been accepted, a special Opcode fetch cycle is generated ww’ 
In thıs cycle, 2 clock states of wait state (TW*) is automatically inserted after the cluck 
| state T2. The WAIT signal ıs saınpled on the falling edges of the second clock state TW* 
| and the following clock state TW and, if the WAIT signal is found “0”. the instruction 
| cycle enters ın the next clock state TW In this Opcode fetch cycle, the IORQ signal goes 
“0” ın the first TW* state instead of the MREQ signal while. in a normal Opcode fetch 
evcle, the MREQ sıgnal goes “0” in clock state TI. This indicates to the maskable 
interrupt requesting LSI that the 8-bit interrupt vector can be put on the data bus The 
CPU reads this data to perform interrupt processing Therefore. the contents of the 
program counter put on the address bus are not used Unlike an ordinary WO operation, 
the RD sıgnal does not go "0" 


N 

| 

| 

; 
In cioek state T3, the memory refresh address signal ıs put on the address bus for memory 
reiresh Iike normal Opcode fetch evcle and the RFSH signal goes "0" In the subsequent 
machıne cycles (M2 and M3) , the contents of the current program counter are saved ınto 

| the stack In machine ceveies M4 and M5, the contents uf the I register (the higch-order 8 
Ditst und the contents ofthe address ıindicated by the address uf ine vector !the low order 8 
bits; from the ETC and the peripheral LSI are fetched in the program counter 
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| 
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Figure 3.217 Maskable Interrupt Acknowledge Tımıng 
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(6) Non-maskable ınterrupt acknowledge operation 


Figure 3.2 18 shows the vasıc timing of non-maskable ınterrupt acknowiedge 


When the non-maskabie ınterrupt request sıgna!l (NMIı goes low, the ınternal non 
maskabie Nıp-Mlop ıs set to "1" The NMI signal ıs detected ın any tımıng of each 
ınstruction However, the interna! NMI flip-Nop ıs sampled on the rısıng edge of the last 
ciock of each ınstruction Therefore, the NMI signal should go low by the last clock state of 


an ınstruction 


The Opeode feich eyele for non maskable ınterrupt request acknowledge is generally the 
same as the ordınary Opcode fetch cvele However, the Opcode on the data bus at Lhe tıme 
ıs ıgnored The contents of the current program counter ure saved ınto the stack in the 
subsequente machine evcles 'M2 and M3) In the following machine cvcle, the operation 
Jumps to address OO66H., the non maskable interrupt vector address The machine cvcles 


after these depend on the contents oftthe fetched Opcode 


= at N Ve —————— 1 Te 
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Figure 3218 Non-Maskable Interrupt Acknowledge Tımıng 


(7) Halt operation 


When a HALT instruction is fetched in the Opcode fetch cvcle, the CPU sets the HALT 
sıgnal to “0” synchronized with the fallıng edge of clock state T4 to indicate it to the 
peripheral LS] and stops operating If the system clock is kept supplied in the halt state, 
the CPU continues executing NOP instructions This is done to output refresh signals 


when the dynamic memory is used. The NOP instruction execution cvcle is the same as 
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the ordinary Opcode fetch cycle except the data on the data bus are ignored. 


The halt state is cleared when an interrupt ıs accepted or the RESET signal ıs set to "0" to 
reset the CPU. Figure 3.2 19 shows the halt state clear operation by ınterrupt 
acknowledge An interrupt is sampled on the rising edge of the last clock (clock state T4) 
ofthe NOP instruction A maskable interrupt can be accepted when the INT signal is "0” 
A non-maskable interrupt is accepted when the internal \MI flip-flop which is set on the 
fallıng edge of the NMI signal is set at "1" However, it ıs required that the ınterrupt 
enable flip-flop is set to “1” for a muskable ınteriupt to be accepted. The interrupt 
processing for the accepted interrupt starts from the next cycle 


However, when the supply of the system clock fiom tne CGC has been stopped by the 
power down operation, it is required to restäart the suppi.. of the system clock and input the 
INT signal until the execution of one instruction ıs completed or the RESET sıgnal until 3 
clocks are output Figure 3.2.20 shows the tımıng of clearing the hait state caused by 
power down 


For the reset operation, see (8) “Reset operation” Note that the INT and NMI signals are 
shown on the same diagram in Figures 3.2 19 und 3 2.20 for convenience 
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Figure 32.19 Timing of Clearıng Halt State Caused by Interrupt Acknowledge 
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Figure 3.2.20 Timing of oa Halt State Caused by Power Down 
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(8) Reset operation 
Figure 3.2.2] shows the basıc tımıng of reset operation 


To reset the CPU, the RESET sıgnal must be kept at “0” for at least 3 ciocks When the 


RESET sıgnal goes "1", ınstruction execution starts from address 0000H after a dummy 


cycle ofat least 2 clock states 
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Bee ag me 
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Figure 32.21 Reset Tımıng 


To clear the power down state by using the RESET sıgnal, the RESET signal must be 
ınput until 3 clocks or more are supplied by restarting the supplv of the system clock from 
the CGC 


MPUZ80-015-38 


TOSHIBA TMPZ84C015AF 


TMPZ84AC015AF-6 


(9) Evaluation operation 


Each of the CPU signals (A00 through Al5. DU through D7, MREQ. IORQ. RD. WR, 
HALT, MI, and RFSH) can be put in the hıgh-ımpedance state hi EV and BUSREQ 


sıgnals to elecetrically dısconnect them from the CPU 
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Figure 3222 Evaluatıon Tımıng 
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Figure 3.2.23 shows the biock diagram of the TMPZ84C015A operating as an evaluator in 
tne evaluatıon mode 


The operations controlled by sıgnals from the external CPU in the evaluation mode are the 
>ıme as those ol each device constituting the TMPZ84C015A (However, for the watcndog 
umer operations. see "WDT Operational Deseription” because the watchdog timer is of 
ranoom logie configuration ) 


For the electrical characteristics and tımıng of each device, see "Inactive State” 
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Figure. 3.2.23 Block Diagram ofthe TMPZ84C015A Functioning As Evaluator 
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3.2.4 TMPZ84C015A Instruction Set 


This subsection lists the TMPZ84C015A instruction codes and their functions. The table below 
lists the symbols and abbreviations used to describe the instruction set The symbols which 


require special attention are described in the locations in which thev appear. 


e Symbols (1/2) 


Register BC DEN. LA, 


Register paır BC.DE,HL 
Stack poınter SP 

Regıster Paır BC.DE,HL. AF 
Register paır BC.DE 

Index register IX 

Stack poınter SP 

Regıster paır BC.DE 

Index regıster IY 

Stack poınter SP 


Higher register of register paır 
(B.D.Hı 
Hıgher 8 bıts of stack pointer (SP) 
Higher regıster of register paır 
!B.D.H,A) 
Higher 8 bıts of index register IX 
Higher 8 bıts of ındex regıster IY 
Higher 8 bıts of program counter (PC) 
Lower register of regıster paır 
(C.E,L) 
Lower 8 bits of stack poınter ı!SP) 
Lower register of register paır 
ıC.E.L,Pı 


Lower 8 bits of index register IX 


Lower 8 bıts of index register IY 
Lower 8 bıts of program counter (PC: 
Bit b (0-Tıofregister (B,C,D.E,.H,L.A 
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e Symbols (2.2) 


Memory 


Memory address represented ın ]6 bits. m indicates higher 
8 bıts and n, Inwer B bıts. 
(HL, Bıt b (0-7) of the conıents of the memory address ındicated 
by register paır HL. 
(1X +dı, Bıt b «U 7 ofthe contents of the memory address indıcated 
bi the value obtaıned bv addıng B-bit data d to the content 
of index regıster IX 
ılyY+d), Bıt b (0-7) of the contents of the memory address ındıcated 
by the value obtaıned by addıng B-bit data d to the content 


ofındex register IY. 


Flag change svmbol Reset to “0” bv operation. 
Setto “1” bv operation 
Nochange 
Aflected bv operation 
Undefined 
Handied as parıty flag 


odd parıty 


even parity 


Handled as overflon Nag 
v=0: Nooverflow 


V=]. OverDow 


operator .. Transfer 
Exchange 
Add 
Subtract 
LOGICAIL. AND between bıts. 
LOGICAL OR between bıts. 


Exclusive OR between bıts 


Others Interrupi enable flıp-Nop 


Carry flag 


Zero ag 
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TMPZ84CO15A Instruction Set (1/9) 


Object code 


Assembler 


CLASSIFICA - 


Luz er Pier RT N 
= =| | 
ee De 
‚tn | B rrr [74 Nerıforg Be 
Ii rn an rn 110 DE HruR o.n | 
| an nr  enn n i 
ED Hl loı re rn Ihe rıR r- Hl: 
L.D aneddıı ar 101 vn re ılN ed H 
nn rer ie Ir «RR | 
Ad Add dd d | 
LD or ıtyeAar rt 119 0910 Fn .tlYod | 
OR Fr 119 4A sr ıR 
dd Add ddd 4 
LD Hl. 91 110  Frr TDeR lo er x A > 
1.D 1X de] est 10 pn 1X sdıe.. Y “ er 
n1 110 rer 7Tner 
Ad ddd Add d 
x ID ty oder it 1 FD Yodıcnv x \ 5 
= 91 110 err ’”N+r 
2 44 Add ddd |d 
z jtm onen je ıın 110 | #8 my. x Y | 
ix nn rnn nnn n | 
ED IX din] I MIT 101 nn IK od. x x am. 
= nn 119 110 36 
fx Ad Add Add A 
fs nnn nnn n 
= 4ED Mmsa Pitt m 10 FD Tr edi.n x Y “7 
e | m un tn 36 
nn dA Hdd Add A 
| nn nnn nnn n 
I1D A.RCı on nor nın HA A-ıBCı x x ? ! 
ID A cDE: j99 o11 010 IA A= DEI X x 2 ’ 
ID A ımnı 90 Il 010 IA As imn) x x 4) 12 
nn nnn nnn n 
mm mma mn m 
w (BOA 99 000 010 0? "BON -A N x . ? ” 
LD :DEIA 100 010 010 12 (DE: =-A Fe: © 2 * 
| !.D ımnı.A on 10 010 3? Imnı = A j x x a) 39 
nn nnn nnn n 
| mm mmn mmm | m . j n 3 
[Da 11 101 101 ED A! “ee  Xnxıron a 
| ot 010 ı1 57 . RE ueie 
ID AR 11191 101 FED A—R ne ER RNEF NO 2; 9 
vo 91 1m sf “oo. 
L.D TA 11 101 101 ED I-A x x +, 
91000 111 47 u Bi 5 s 3 
LD RA it 101 101 ED R-A X X ?| 9 
01 001 111 4F 
x x 10 
Qr * 
S x X 14 
z 
= 
m mm mmm mmm m 
Nnte IFF ın "Flag" enlumn ındicates that the content of the interrupt enable flip Nap is copied into the P/V fing 


MPUZB8O-015-43 


TOSHIBA 


TMPZBAC015AF 
TMPZBAC015AF-6 


TMPZ84C015A Instruction Set (2/9) 


Object code 
Assembler 


101 
001 
nnn 


CLASSIFICA - 


ITENM/ 
TION 


HL.tmnı 010 H=-imn+1) 
nnn L- imn) 

t.tmn) 10) ED ty=imn+)) 
on 4B + 1210 |ı1,=- mn) 
nnn 

IX. tmn) 101 IXy=-imn+1) 
010 IX, = ımn! 
ann 

2 a mmm Em, u 

IN, tmın! 10) Myu='mr+lı 
010 IN, ımn) 
nnn 


TRANSFER 


P ıinmm .. . . “ ... 
Imnı HL 010 iImn+)ı —-H 


imn’—L 


DATA 


imn)it ED imn+ 11 ty 


43 + 1210 imnı-t, 


muniX D tmn +) Pe 


imn' IX, 


RE u rt Eee ZBREN iv, 


imn) —IYı 


SP-HL 
SP-IX 


SPY 


BERSE ER... 40.404 url 
ISP-D-IY, .(SP-IYoIlYy 
SP-ST-2,,, 
m1SP+lı,q—1SPı 
Mu=1S5P+ y1 IX, 1SPı 


EX. DEHL. 
‚EX. AFAF 
LXX 


u EXCHANGE 
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Assembler 


mnemomc 


EX «SP: HM. 
EX:9SP:. 1X 


EX 1SPiIY 


BLOCK SEARCH 


BLOCK TRANSFER 


ADD A,r 
ADN An 


ADD A.HLı 


ADC A,n 


ADC A.HLI. 
ADC AIX +dı 


ADT A 'IY»+dı 


8- BIT ARITHMETIC AND LOCICAL 


suB 
SUB 


SUB «HL. 
SUB ıIX +dı 


SUB (1Y odı 


ruction Set (3/9) 


Object code 


wos | | 


E3 


H-1SP+1), 1. 1SP% 
IXy=1SP +1! 
IX, = SP) 
Nn1SPetı 

IY, = SP) 

{DEI (HL3.DE—-DE +1 
HL-HL+1,BC-BC-1__ 
'!DFY-(HLI.DE-DE +1 
HL-HL+1.BC-BC-1 
RepentunulRC=0 
{DEY- (HL) DE=-DE-1! 
HL-HL-1,BC=-BC-1 
(DFYr-(HLY.DF-DE-! 
NE—HL 1 BUO-RC-1 
Repest uni RU=0 

A- (HL 

HE-TIL +1, BC-BC -1 


A- HAN L-HL+ 1 DO-RE 1 


Repeat until A=Hll.ıar RC =0 
A- HL 
HL-HL-I,BC-RBC-1 


A-HIOHL-NU- I BOC-DC-1 


A-A+n 

A-A+ (Hl. 

AA +11X +dı 
A-A+ılY+dı 
AmAtreCy 
A=-As+n+CY 
A-A + ı(H1Lı + CY 
AA »+11lX +dı +CY 
A=As+ (lY+dı+CY 
Aufinr 

A-A-n 

A-A- (HL 


AA - (IX +dı 


A=-A- ı1Y+dı 


TMPZB84C015AF 
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- IBC- »n 


—- !RC-M) 


- IBC- 01 
- Re -n 


- IA SD 


-1BC +0 
ar A = lit v 


-!RC« 0 
KA ll 
- !BC=0 

er Az ılllı 


Note The P/V Nag ısO if" MBC- 1=0:otherwise itisi The7fag ist if’ NA= (llL) .otherwise it is 0 


I Jindicates the total condition of the number of cycles and states indicated by arrow 
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TMPZ84C015A Instruction Set (4/9) 


Object code 
Assembler 


6 
SBE A;r..., 10 0 vr 
SBC A,n 11 01) 110 


-1 CYCLES 


5 


a RE WERE: 0 
SBC A.ı(HL) |10 011 110 
SBCA.(IX+dıl 11 01) 10) 
10 011 110 
j dd ddd ddd 
SBCA.'tIY+dı| 1) 111 101 
0 011 110 
Een en dd ddd ddd 
AND... .|30 100 Fr. 
AND n 11 100 110 
on. :0.% nn ann nnn . ws .. . . de ...... 
AND (HL) 10 100 110 A=-A/ıHL) 
AND (IX *+Aı |11 011 101 A=ANIX +4) 
10 100 110 
AND 'IY+dı | 11 10 A=-ANIY+JI) 
10 1% 
ddd a a. 
110 un ATAY 
110 A=Avn 


A=Ay'HL) i 
A=-A\vIlIX +dı 


ayvea|ıı 

| 10 

de 

XOR r u 
XOR n E) 


— 
Ö 
] 
[e} 
pe] 
Ä 
u 
- 
as 
z 
=> 
- 
Or 
4 
— 
[°°) 
t 
o 


nn 
xOR !HLI_ |10 10. |AE  . |AmAUCHD. on. 
XoR ux=ei | A-AVilX +0) 
ı0 
XOR (l!yY»+dı | 11 
ı0 
RR ARER ©. 
n 11 
HL) [10 
1X+dı1 | N 
10 
dd 
ay#dı m A-(ysd 
10 
r 00 r—r+] 
HL) 100 E THbiecHL+ 
1X#dı ln i 1X +1dı- (1X +14) 


FT 
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TMPZS4CO15A Instruction Set 


ITEM/ 
LASSIFICA - 


m 
69 


DEC 


8 -BIT ARITHMETIC 


AND LOCICAL 


1 %0P 
u |HaLr 
- |oı 
sım 


-PERPOSE ARITHMETIC 


GENERAL, 
AND HPEÜ 


oQ : 

- ADD IX. 
ka 

z 

er ADD !Y.s 
& 

« INC t 

= TIME IE 
& 

© lınc ıy 


Assembler 


mnemonik 


(Y+d 


DEC r. . 
DEC (HL) 

DEC (IX + 
uYedı 


(5/9\ 


EEE 


ER eE: 
I4 
OS5erx8. 

35 


Function 


CPU Halted 
IFF-9 
IFF-1 
Set ınterrupt mode 0 


Set ınterrupt mode | 


Set ınterrunt mode 2 


09+1Tx10 
ED 

4A +ıx10 
ED 
42+1x10 
DD 
09+px10. 
FD 
09+:x)0 


HL-HL+1t 
HL-HL+t>CY 


HL+HLATSCY 


X=-1X ep 


BEREIT URAN u nun ee Be ET 

DD IX-1X +1 urn X. .X:- . 2 10 
23 Fr ER: 

FD Iy-I1Y+l a Kein Eee 1 10 
08+.X10 Jtt-1 a a a ae ee a FE 
DD IX-IX-1 SE: SE 10 
ae rin. pn ee vor weh er ae A 
FD Yely-i un RER ATS EU EEE 
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TMPZ84C015A Instruction Set (6/9) 


Object code 
Assembler 


RLCAX+4 
re, 'HLWU IX + dı (IY+d) 


RLCIY a0 


r 
IHLI 
AX+4 


rs J—— LET 


r,(HLYWIIX + dı (IY+ 


ze 


RRC re 


RRC(HL) 


RRCIIX 40) Pr] 
Lt ie Ley | 


r, 'HLUNX+dı IY+ A) 


RRCLY +8) 


RR (HL 
RR (IX +d) 
r. (HL. +4 
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TMPZS4CO015A Instruction Set (7/9) 


Object code 
Assembler 


mnemonıc Function 


ITEM/ 
CLASSIFICA - 


TION 


RR ıIY»+d 


LAr 
SLACHLI 


SLa IX »dı 


r.!HLAIIX »+dı IY + dh 


; ; : or 101 
SLa (IY#dı . \ a Y R 5 ; St € ? m, | im 


r 
B 
c 
D 
14 
H 
L 


> 


SRAr 


SRA(HL: 


r.tHLI IX #dı (IV + d) 


SRA'IX »dı 


SRA'IYed' 


SRLr 


SRL HL 


SRL (IX #dı 


a EEE ET 


r.!HL IX + dı (1Y + dr 


SRL'IY +dı 


Rotste dıgit ie 

and rıghi 

betweenthe 
accumulator and 
location (HL: 

The cantent of I 
upper halfofthe 
accumulator ıs 
unaffected. 


40 +baß*+r 
CB 
46 +b28 
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TMPZ84C015A Instruction Set (8/9) 
Ss Object code 
. Assembler Enid 
ze I su m | | s? run c|20|2% 


RESET ANO TEST 


BIT SET 


JUMP 


Note 


BIT b.ı1X #dı 


Z-11X »+dı, 


BIT db. (IY+dı 
z-11Y.dı, 
46 +bıß 
SETb.r CB > vol 
j COsbıR+r | 
SETh.IHL CB Hl 
i CR+bxB 
SFETb (1X #dı DD 4Xedı, | 
cB 
d 
Ch+hıRß 
SETh ıly #dı D [1 ur Kern 
cR 
d 
CR+bıR 
RFSb.r CR 1.0 
ANHhaß+r 
RES Hl. CB ll 0 
AR+ br 
RESh (1X #dı DD IX sdı,-0 
cB 
d 
B6 + buß u 
RESB ty #+dı FD Iy+di,n 
CB 
JP mn 00) 
nım mımm mınan 
JP c.mn Il ce 010 PC_nn 
nn ann !Onlv uhen candıtıan ıs met! 
mm mınm man 
IR Ste 011000 PC-Ste 
snanda Bar ; 
IR C.S#+e 111000 condition X: X.- 
ananoa PC=-Ste EX, X: 
IR NC.S+e 110000 C=0% > PC=-Ste GR: 
nonaaa as: a 4 continue SEES BT 
IR 2Z,S54e 101000 Z=0. _ continue RK; X: 
| anansa #1. PC-Ste EM 
JR Ste 100000 7=0. PC-Ste X X: 
nr unansa Ze}, condition _ BEER: 
DINZ Ste 010000 B-B-1,if B=0,cnntinue ıR.:;:X:: 
snsaen B-R-1L,if B=0,PC-S+e KR; Ken 
JP CHLI 101001 PC-HL ME 


r 
B 
© 
D 
E 
H 
L 
A 


Condıtion 


Nan tern 


Zero 

No carry 
Carry 

Odd Parıty 
Even Parıty 
Sıgın Positive 
Sıgin negative 


e represents the 
extension Inthe 
relntive sddı essing 
mode. s=e-?2 

eiısn sıgnedtmos 
coinplement nunıber 
inthe rangr of - 126 
Se<s119 


a=e-2in the Opcode provides an effective address of pe+e as PC is incremented by 2 before the addition ol e 


$ ındıcates the reference to the location counter value of the current segment. 
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TMPZ84C015A Instruction Set (9/9) 


Object code Condition 


Assembler 


Nan sero 


Zero 

hesarry 
Carry 

Odd Parıtv 
Exen Parıty 
Sıpın Parıine 
Sıpın negative 


tSFPelr- FÜ, (Ste -PC, 
PU mn 
munm | m S-SP-7 


100 ca . - Heondıtione eme! anne ne 
RET 


H condınan e ıa nt met 
continue _ 


PC=15P}. Plu=ıSPet 
EIER u SP-SP-2 


Hreandıtinn c 1 mot.cantınur 


nan 


RETURN 


Rriwin fhanı ınırrı mt 


frocessing ımitıne 


CA AND 


lernen flinennnn nınchable 
inter rupl processing roulinc 
(SP-1r-PC,1St-2:-TC, 
PC ‚TC, = 
a 100 
. » = 10) 
A= ın! . . 

ı11 
n=AD-AT . AmNs-AIS SEE ee ® 


1 1lıll re 100. aniı Ihe EN "x . 

Naps sillbie alleried se ae u a € 

= Ci de) HL-Hl. #1 2 

lose tl, Rei. 1 -11.4 1 s > ; -IR<e>ni| C—An-A7 
Dr Bu ae a Fe | einen | Rean-als 
Moe Det HIN. - 1 =: 

NR. | X. PR :H —1D< >nı 

Nepeat unul B=0 DE —{R=0] 

Iin=-A e ; x ; 


n=-AU-AT.A=AB-AIS 


ter 


OUTPUT 


die ruß 


INPUT ANO 


ED KmhL- Beni Mio Hi) 


AJ Es 

ED 4 ll Red. Mieliel X- x: “er w 1117 >01 | C-A0O- AT 
BJ Benwa: uni Be © BEE 9 A Reh] R=AR-AIS 
ED ni Kiel Be) ieMl.- 1 HXX ““ 

BE ea Men a ee : 

ED Mehl: RB 1 HL-ML- 1 3 EEE. —-1B< >0| 

RR Bemet unıiBen : : —Ne=0] 


Note: IM MB-1=0,thr 7 Nag is set:iotherwise, 0 
A0 through A158 indicate the nddres< hus 


I Iındıcates the total condition of the number af eveles and states indicated by arrow 2 


a esse ee ne 
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TMPZ84C015A Instruction Map( 1/7) 


CPU Instruction Table ( ] ) 


RC.BC BC) 


ADD | 
|% 


Pl.»e 


MPUZ80-015-52 


TOSHIBA TMPZ84C015AF 


TMPZ84C015AF-6 


TMPZ84C015A Instruction Map( 2/7) 
Byte 1 “CB” 


Instruction Table ( II ) (Byte 2 of 2-byte Opcode) 


—e ee nenn nEEEREREBEnen nennen 
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TMPZ84C015A Instruction Map 3/7) 


Byte IM"ED” 


Instruction Tabie ( II ) (Byte 2 of 2-byte Opcode) 
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TMPZS4CO15A instruction Map(4/7) 


Byte 1"DD” 


Instruction Table ( V ) (Byte 2 of 2-byte Opcode) 


TTT—TT—TTTT——T———————————————————————————————————————n nn nn 


MPUZ80-015-55 


TOSHIBA TMPZ84C015AF 


TMPZBAC015AF-6 


TMPZ84C015A Instruction Map(5/7) 


Byte I"FD” 


Instruction Table( V ) ( en 2 of 2-byte Opcode) 
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TMPZ843CO015A Instruction Map(6/7) 
Byte 1 "DD" 
Byte 2 "CB” 


Instruction Table ( VI) (Special case of 2-byte Opcode : Byte 3) 


GENE ae Ass Sr 
SLA SRA 
1X-d) NXra 
BIro B’Ti 
GX-d 
BIT. B!r 3 
{1X +0: MIX»+o' 
3ıra BITS. 
IR>dı 1X+d 

7 B!T € Er? 
EEE AX+aı 
RESO RESL, 
1IX»d NA »d: 

RES3. 
OXe.d. 
RES4. RES $, 
AX=dı AX»+d 
RES6, 
AR »d: 
SETO, se? 1. 
IX »d: AX»dı 
SET; SETS, 
AX»+dı AX»+dı 
SET, SETS, 
AX»-o AX+di 


SET C. seTT, 
AX + co AX=dı 
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TMPZ84C015A Instruction Map( 7/7) 
Byte 1 "FD" 
Byte 2"CB” 


Instruction Table (VII) (Special case of 2-byte Opcode : Byte 3) 
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3.3. CGC Operations 


Thıs subsection describes the system configuration. functions. and Dusıc operations of the clock 
generator ' controller (CGC) 


3.3.1 Block Diagram 


Figure 3.3 1 shows the block diagram of CGC 


MALT MÜDE Se! "NE RRI- TER 


RL TAAR dıtä T Ws 
I oh een 


CONTROL CIRC IT 


INTERNAL COUNTER 


Figure 3.31 Block Diagram 


3.3.2 CGC System Configuration 


The internal configuration of the CGC is shown in Fig 3.3.1 The wauveform from the external 
uscıllator by the ınternal oscillator and divided by the divider is converted into the square wave 
for clock The clock is controlled by the control circuit and the counter to be sent to the outside 


the CGC The following describes the CGC’s main components and their functions ws 


(1) Clock Generation 
(2) Operation Modes 


1] Clock Generation 


The CGE contains an oscillation circuit. By connecting oscillator to external pıns (XTALI and 
XTAL2: . ine required clock can be generated easily The CGC provides the clock whose 


frequenex is 1 ? 2 of the osicillation frequency Figure 3.3.2 shows an example of oscillator 
connection 


——— tens 
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(1) For the quartz crvstal oscillator. use tne MR8000-C20 (oscillation frequency 8 MHz) or 
MR12000-C20 (oscillatıon frequency 12 MHz) manufactured by Tokvo Denpa Company 


Ltd or equivalent, 
e Oscillation frequency f=8 MHz 


Quartz Crystal oscillator MR8000-C20 
CSz24PF 
RS= 309 


CIN =22 pF, COUT=33 pF 
e Oscillation frequency f= 12 MHz 


Quartz Crvstal osciliator MR12000-C20 
CSz4PF 
RS = 250 


CIN=COUT=33 pF 


xTTıı XTTL2 


Cın (out 
| c RS 77 PR 


Figure 3.32(a) Example of Crystal Connection Fıgqure 3.3.2(b) Oscıllator Equivalent Cırcuit 


[2] 


(2) For the ceramic resonator, use the CSA8.00MT (oscillation frequency 8 MHz) or 
CSA12.000MT toscillation frequency 12 MHz) manufactured by Murata MFG Co., Ltd or 
equivalent. 


e Oscillation frequency f=8B MHz, CIN=COUT=30 pF 
Ceramic resonator:CSA800MT 


e Oscillation frequency f=12 MHz, CIN=COUT = 30pF 
Ceramic resonator:CSA12.00MT 


Operation Modes 


The CGC has the capability to control 4 operation modes:Run, Idle 1, Idle 2, and Stop. Any one 
of them can be selected through the mode setting register (#FO:bit4, bit3:HALTMR) These 
modes become valid when the CPU executes a HALT instruction Fetching a HALT 
instruction, the CPU sets the HALT signal to “0”, indicating that it has been put in the halt 
state. After the execution of the HALT instruction, the CGC performs the operation in the 
specified mode Table 3.3.1 shows the operations in each mode. 
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Table 3.3.1 CGC Operation Modes 


Halt mode setting regıster 


{FO HALTMR) 
Operation Mode Descriptior 


Idle I mode Onlv the ınternai oscıllator vperates. stoppıng the 


suppiv ofclock outside The clock output 
(CLKOUT' ıs held ar "0" 


Idie 2 mode The ınternal oscıllator continues operating with the 
suppiv of clock vwutside (CLKOUT) continued When 
pıns CLROUT and CLKIN are <sonnected. onlv the 


supplv of clak sCLKOUTi to the ETC ıs continued. 


Stop mode All internal operattons are stopped The «lock vutput 


CLR I is meld ar "0" 


Run mode The supply oftesck vutside is continued 


The restart from the clock stop state in Idle 1, Idle 2 these two modes are referred to as Idle 
mode hereafter) , or Stop mode is performed by reset (RESET signal) or acknowledge of 


maskable ınterrupt (INT sıgnal) or non-maskable interrupt IN MI sıgnal) 
Warm-up Time for Restart (from Stop mode) 


Reieasıng the halt state by interrupt ucknowledge,. the CPU begıns executing interrupt 
processing. Therefore. when restarting the clock by the NMl or INT resturt signal in the Stop 
mode, the oscillation must be fully stabilized before supplied outside The CGC provides, by 
means of the internal counter, the warm-up time enough for the clock to stable frequency The 
warm-up ends on the rising edge of the internal counter output dividing the oscillation 
frequency to start clock output. The warm-up time is equal to the time derived by dividing the 
frequency ofthe externally attached oscillator by 21% 


Figure 33 3 shows the block diagram of the internal counter Table 3 3.2 shows the ww’ 


relationship between the oscillation frequency and the warm-up time. 


Inthe restart by the RESET signal, no warm-up is performed for the quick operation at power- 


on Therefore, expand the width of the RESET signal adequatelv to provide the warm-up 
tıme 
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idele 
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u 
COUNTER 


> 


1) 
' 
CONTROL CLK OUT 
1 
Ei] wo 
k 


CONTROL 
CIRCUIT 


Figure. 3.3.3 Block Dıagram of Internal Counter 


Table 3.3.2 Warm-up Tıme 


Counter output Warm-uptıme 


fXTAL=12MHı fXTAL=8MHı 
_ Be SE N TR ET FE 
-.ims 
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The following describes the status transition and basic tıming te be provided when the CGC 


operates 


11] Status Transıtion Diagram 


Eee — — — 
RESET=O 


INTERNGL 
OSCH.ATOR 


nc OPERLTION 
ves 
MODE 
nö SETTING 


Or? 


v£s 
ge 
0 
Y£$ 
€ Or» Ü 18. 
soccer, er 
ee — Lie) 
„0 M!"0"—"1 
vgs 
STOP MODE 
CLOCK QUTPUT INTEPrSL 
stop CHILE ON SIOF 
LOCH DiıtPyr sYOB) 
Luule Dt" +: 
vos 


“ 
- 
Br 


INTERNAL 


OSCILLATOR START 


WARMING-UP 
(2’2/tXTALl) 


CLOCK OUTPUT 
START 


Figure 334 Status Transıtion Diagram 
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12] Basıc Tımıng 
The following describes the CGC basıc timing when the CGC clock output pin (CLKOUT) and 
eloek ınput pin ICLKIN! are connected 
il» Operation at execution of HALT instruction 


The following describes the basic timing ın each mode to be provided when the CPU 
executes a HALT instrucetion The CPU sets the HALT signal to “0” synchronized with the 
fallıng edge ol ciock state T4 ofthe HALT ınstruction Opcode fetch cvele (M1) This sıgnal 
u) indicates to the CGUÜ that the CPU ıs going to enter ınto the halt states 


a: Run mode (#FO bit $=1.bı 3=1 HALTMR) 


Firure 335 shows tne basıce timing ın the Run mode In the Run mode, the CGC 
continues supplving the clock to the outside even when the CPU ıs ın the halt state 
Therefore. ine CPU eontinues exeeuting NOPs during the halt state The systems which 


need memory address refresh use this mode 


Ay | 
NE: tie een M'ıyue M1 cycle 


’C 7.2 Di 72 14 r. T2 T3 


HALT ınstructıon 
—i#+——— NO? exetuton ——————— NOP execution 
Opecode fetcr cycle 


Figure 3.35 Basıc Tımıng ın Run Mode 


(bi Idle 1 mode (#FÜ bit 4=0, bit 3=20 HALTMR) , idle 2 mode (#FO bit 4=0, bit 
3=0 HALTMR), and Stop mode (#FO hit 4= 1, bit 3= 0) 


Figure 336 shows the basic tıming ın the Idle modes und Stop mode. In these modes, the 
clock output is stopped with clock state T4 being "0” by the HALT sıgnal and the MI signal 
which follows the HALT instruction 


However, in the Stop mode, the CGC's ınternal oscillator also stops 


een nn nn nnnLILLLLLLUULLLL tt nn nn nn nn nn mn 
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Ta 71 T2 T3 T4 


M\ NEE 
HALT ınstruction ! 
a een NOP execution CLK Stopped 
Odecode !etch cycle 


Figure. 3.3.6 Basıc Timing ın idle and Stop Modes 


(2) Clock output restart from each mode 


The clock stopped state in the Idle or Stop mode is cleared by setting anv of the following 


signalsto "0" (for the system restart operation, see Subsection 3.3.4). 
eo INT (level trıgger input) 

e \MI (edge trigger input) 

e RESET level trigger input) 


(a 


— 


Ciock output restart from Idie mode 


Figure 33 7 (a) shows the basic timing for the sequence of the output restart from the 
ciock stopped state in the Idle | mode. In the restart in the Idle I mode, the clock output ıs 
restarted in a relatively short delav time because the internal oscillator operates even ın 
the clock stopped state. 


Ta 79 72 13 
CLIKOUT= | | | | | | 
{Clock stopped state) 
CPU ciock 


Figure. 3.37(a) Basıc Tımıng for Sequence of Restart from 
Clock stopped State (Idle | Mode) 
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(b) Clock output restart from Stop mode 


Figure 3.3.8 shows the basic timing for the sequence of the restart from the clock stopped 
state ın the Stop mode. When restarting by setting the INT or NMI signal to “0”, the 
warm-up time ıs automatically created by the internal counter. In the restart by the 
RESET signal, oscillation restarts without warm-up. 


Ta 7 72 T3 


(Clock stopped state) 
CPU ciock 


0° 


Figure. 3.3.7(b) Basıc Timing for Sequence of Restart from 
Clock stopped State (idie 2 Mode) 


s ume ' 


Fıgure. 3.3.8 Basıc Timing for Sequence of Restart from 
Clock stopped State (Stop Mode) 
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3.3.4 Relationship with CPU 


The followıng describes the relationship between the CGC and the CPU mainlv in terms of the 
halt clear operation. 


[11] RESET Signal 


Figure 3.3.9 shows an example of the timing for the restart from the Stop mode un the 
TMPZ84CU15A using RESET signal for both the CPU und CGC Tu reset the CPU. the 
RESET signal must be set to “0” for at leası 3 stable clocks When the RESET signal goes "1", 
the CPU releases the halt state after a dummy cycle of 2T clock states to start executing 
instructions from address 0000H = 


To restart the clock output by the RESET signal ın the Stop mode, the ınternal counter to 
determine the warm-up time does not operate 

Therefore, ifthe CPU does not restart correctly due to the unstable clock vutput immediately 
after the restart of the internal oscillator. or the unstability of the ervstal at power-on. the 


RESET signal must be held at "0" for a time long enough for the CPU to be reset securely 


Dumm, 

u F | Lytie Execution rom 
jr ee nt | kai 0000. 

rg ri 3 13 ra r® L3 r? ‘a 
’ 
“Bi” \ sc (( / 
ee 
( 


L c l ( 
RESET 0 it / 


Figure 339 Example of Clock Restart Tımıng by RESET Sıgnal 


[2] Releusing Ilalt State by Interrupt Signal ww 


The CGE restarts the clock output from the Idie or Stop ınode by the input of INT or NMI 
signal By this clock, the CPU starts operating However, when the CGC restarts the clock 
output, the CPU is still in the halt state executing NOPs To clear the halt -tate. the ınterrupt 
sıgnal must be entered into the CPU tin the cause of the INT signal) . for at least one 
instruction The CPU interrupt is detected on the rısıng edge of the last elock of each 
ınstruction INOP for the halt state) 
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(1) When using non-maskable interrupt (NMI) 


CPU’s non-maskable interrupt is edge trigger input. The CPU contains the flip-flop to 
detect an interrupt. The state of this internal NM] flip-flop is sampled on the rising edge 
of the last clock of each instruction. Therefore, when a short active low (“0”) pulse has 
been inserted before the interrupt detection timing, the interrupt is acknowledged The 
NMI input of the TMPZ84C015A is connected to the NMI input of the CPU via the CGC, 
performing the same operations as above. (See Fig. 3.3.10) 


un) (2) When using maskable interrupt (INT) 


With a maskable interrupt, the maskable interrupt enable flip-flop (IFF) must be set to 
“]" by program before the INT input signal is detected “0” Even if the CGC accıpts the 
INT signal to restart supply the clock, no interrupt is acknowledged uniess the INT signal 
is kept ınserted until one instruction (NOP) has been executed. Figure 3.3.10 shows the 
timing for clearing the halt state by the interrupt signal. 
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CPU NMI 
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I 
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I 

I 

I 
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INTERNALLATCH (‘ 
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Fıgure. 3.3.10 Timing for Clearıng Halt State by Interrupt Sıgnal 


1 
1 
U 


INTERRUFT SAMPLING TIMING 


——e Een nennen an nntennnanaBenniinnaitusauserorsisunnnasunsu 


MPUZB80-015-68 


TOSHIBA 


LTLL————————— | 


TMPZ84C015AF 
TMPZB84C015AF-6 


Connecting CGC to CPU on TMPZ84C015A 
Figure 3.3.11 shows the connection between the CGC and the CPU on the TMPZ34C015A 


CLK IN 
CLKOUT HALT MI 


XTAL! XTAL2 


ETC, PIO, SIO CıiK Mi 


INT 


3.3.11 Connection Between CGC and CPU 
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3.4 CTC Operational Description 


The CTC has 4 ındependent channels To these channels, addresses are allocated on the 
TMPZ84C015A’s 1 / OÖ map, permitting the read / write of the channels in the CPU’s I / O cycle. 
(See Figure 34 1) This subsection mainly describes the CTC operation to be performed after 


accessed 
3.4.1 CTC Block Diagram 


Fıgure 34 1 shows the block diagram of the CTC. 


INTERNAL 
CONTROL 
LOGICAL ZC TOO 
OPERATION CHANNELO 
CIRCUIT LK/TRGO 
DAIA 
D. 5 D , i— 
ZC/T01 
MPU BUS 
Oo CHANNEL! 
si LOGICAL I PERUBS. RUE [ran | IK /TRGI 
CONTROL OPERATION 
a ) CIRCUIT 
CS0 N 
es 2C/T02 
nv; CHANNEL?2 
IORO INTERRUPT IK /TRG2 
RD CONTROL 
LOGICAL 
OPERATION 
T 
CIRCUN 26/103 
CHANNEL3 
IK ’/TRG3 


IEO IE! INT 


Figure 341 Block Diagram of CTC 


3.4.2 CTC System Configuration 

The CTC system consists of the following 4 logıc circuits 

(1) CPU bus 1/0 logie cırcuit 

nr (2) Internal control logıc cırcuit 

(3) Interrupt control logıc cırcuit 

(4) Four ındependent counter / timer channel logıc cırcuits 
Il) CPU Bus 1/0 Logic Circuit 

This circuit transfers data between the CPU and the CTC. 
[2] Internal Control Logic Circuit 


This circuit controls the CTC operational functions such as the CTC selecting chip enable, reset, 


and read / write cırcuits. 
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| (3) Interrupt Control Logic Circuit 


This circuit performs the CPU interrupt related processing such as priority determination The 
order of priority with other LSIs is determined according to the physical location in daisy chain 
connection. 


[4}) Counter / Timer Channel Logic Circuit 


This cireuit consists of the following 2 registers and 2 counters. 
/ Figure 3.4.2 shows the configuration of this circuit. 


© Time-constant register (8 bits) 
© Channel control register (8 bits) . 
© Down-counter (8 bits) 


© Prescaler (8 bits) 


CHANNEL CONTROL 
REGISTER (8 BITS) 


TIME CONSTANT 
REGISTER (8 81T5) 


INTERNAL BUS 


SYSTEMCLOCK PRESCALER 


(8 BITS) 


DOWN COUNTER 2C1 TO 
{8 BITS) 


RR HIOSSEREHNIRSEREEN ER 


CLKITRG 


Figure 3.4.2 Configuration of Counter/Tımer Channel Logic Circuit 


(1) Time-constant register ww; 


This register holds the time constant to be written in the down counter. When the CTC ıs 
initialized or the down-counter has reached zero, the time constant is loaded ınto down- 
counter. The time constant is set immediately after the CPU has written the channel control 
word in the channel control register For a time constant, an integer from | to 256 can be 
used 


(2) Channel control register 


This register is used to choose the channel mode or condition according to the channel control 
word sent from the CPU. 
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(3) Down-counter 


The contents of the time-constant register are loaded into the down counter. In the 
counter mode, these contents are decremented at each edge of the external clock;in the 
timer mode, they are decremented for each prescaler clock output. The contents of the 


time-constant register are loaded at initialization or when the down-counter has reached 
zero 


The contents of the down-counter can be read any time. Also, the system can be 


programmed so that an interrupt request is generated each time the down-counter has 
reached zero. 


(4) Prescaler 


The prescaler, used only in the timer mode, divides the system clock by 16 or 256 The 
dividing number ıs programmed by channel control word. The output of the prescaler 
becomes the clock ınput to the down-counter. 


CTC Basic Operations 
[1] Reset 


The state of the CTC ıs unstable after it is powered on To stabilize the CTC, the low level 
signal needs to be applied to the RESET pin On any channel, the channel control word and 
time-constant data must be written to be started before it ıs started ın the counter or timer 
mode. To program the system to enable ınterrupts, the interrupt vector word must be written 
ın the interrupt controller When these data have been written in the CTC., it is ready to start. 


[2] Interrupt 


The CTC can cause an interrupt when the CPU is operating in the mode 2. The CTC interrupt 
can be programmed for each channel. Each time the channel’s down-counter has reached zero, 
the CTC outputs the interrupt request signal (INT) . When the CPU accepts the CTC's 
interrupt request, the CTC outputs the interrupt vector. Based on this interrupt vector, the 
CPU specifies the start address of the interrupt processing routine and calls it to start 
interrupt processing. 


The CPU specifies the start address of the interrupt processing routine by the interrupt vector 
output from the CTC, so that the user can change the vector value to call any desired address. 


The interrupt processing is terminated when the CPU executes an RETI instruction. The CTC 
has the circuit which decodes the RETI instruction. By constantly monitoring the data bus 
the CTC can detect the termination of the interrupt processing. 


The order of interrupt priority with the Z80 peripheral LSIs is determined by the daisy chain 
connection. That is, the peripheral LSIs are connected one after another and the one 
physically near the CPU is given a higher priority. The priority of the Z80 peripheral LSIs 
(CTC, PIO, and SIO) contained in the TMPZ84C015A is determined by the contents of the 
interrupt priority register (#F4:bits 2 through 0) . Inside the CTC, channel 0 is given the 
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highest priority. followed by channels 1, 2 and 3 in this order. 


The CTC and other peripheral LSIs on the TMPZ84C015A have the signal lines IEO and IEI. 
Connect the IEO of a higher peripheral LSI to the IEI of a lower perpheral LSI Connect the 
lEl ofthe highest peripheral LSIto VCC. Leave the IEO ofthe peripheral LSI unused In this 
connection, the CTC interrupt is caused under the following conditions: 


When both IEI and IEO are high, no interrupt is caused. At this time, the INT sıgnal is 
high An interrupt can be requested in this state. 


When the CTC outputs the interrupt request signal INT, the IEO ofthe CTC becomes low 
When the CPU accepts the interrupt, the INT goes high agaın 


When the JEI goes low, the IEO also goes low 
Whiletthe IEI is low, no interrupt can be requested 


When the IEI goes low while an interrupt is being serviced, the interrupt processing is 
aborted. 


Operation Modes 


The CTC operates in either the counter mode or the timer mode Mode is selected by writing 
the channel control word 


ı 


(2) 


Counter mode 


In the counter mode, the number of edge of the pulses applied to the channel's CLK / TRG 
pin is counted. When pulses have been input, the contents of the down-counter are 
decremented synchronizing with the risıng edge of the next system clock The pulse’s 


rısing edge or falling edge to be counted can be specified by the channel control word 


When the contents of the down-counter has reauched zero, the high level pulse is output 
from the ZC / TO pin. When the interrupt ıs enabled by the channel control word, the INT 
pin goes low and an interrupt is requested. When the contents of the down-counter has 


reached zero, the time constant data written in the time constant register is automatically 


loaded into the down-counter To load a new time constant value into the down-counter, — 
write the data to the time constant register, and it is loaded ınto the down-counter after CI 


the current count operation is terminated 


Timer mode 


In the timer mode, the time intervals which are ıntegral multiples of the system clock 
period A timer intervals is measured according to the system clock. The system clock ıs 
supplied to the prescaler which divides it by a factor of 16 or 256. The output of the 
prescaler provides the clock to decrement the down-counter by l. The time constant data 
is automatically loaded into the down-counter each time it has reached zero as in the 
counter mode. When the contents of the down-counter has reached zero, the high level 
pulse is output from. the ZC / TO pin. 
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This pulse period is given by the following expression: 


te+P»TC 
Where, te = System clock period 
p = Prescaler value (16 or 256) 
TC = Time constant data (256 for OOH) 


The user can select, by means of the channel] control word, to start the timer automatically or 
to start the timer on the edge of the pulse at CLK / TRG pin. In case the user select the CLK / 
TRG pin, the user can also select the rising edge or falling edge of the pulse. 
4.4 CTC Status Transition Diagram and Basic Timing 
[ll Transition Diagram 


Figure 3.4.3 shows the CTC status transition diagram. 
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Figure. 3.4.3(a) CTC Transition Diagram (a) 
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Fıgure. 34.3(b) CTC Transition Diagram (b) 


[2) Basic Timing 
(1) Write cycle 


The write cycle is used to used to write a channel control word, an interrupt vector, or a 
time constant. The CPU drives the JORQ pin of the CTC low in the subsequent system 
clock cycle T2 to start the write cycle. 

It is required to make the MI pin ofthe CTC high to indicate that the write cycle is on. 


At the start of the cycle, the channel is specified by CS1 (Al) or CSO (AO) of the CTC. 
Thus, the CTC’s internal registers are ready to accept data in system clock T3. Tw is the 
a) state to be automatically inserted by the CPU. 
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Figure. 3.4.4 Write Timing 


(2) Read cycle 


The read cycle is used to read the contents of the down-counter During clock cycle T2, the 
CPU initiates a read cycle by driving the RD and IORQ pins low It is required to make 
the MI pın high to indicate that the read cycle is on At the start of the read cycle, the 
channel is specified by CS1 (Al) or CSO (AD) ofthe CTC 

On the rising edge of system clock TW, the contents of the down-counter at the time of the 
rising edge of T2 are put on the data bus. TW is the wait state to be automatially inserted 


bythe CPU 
n 72 Tw 13 n 
CLKIN 
Be 
; CHANNEL ADDRESS 
(Ay). (Ar). (Au 1) | 
IORQ 


RD 


Figure. 3.4.5 Read Timing 
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[3) Counter mode 


In the counter mode, the down-counter is decremented synchronizing with the system clock, at 
the edge of the pulse applied from the external circuit connected to the CLK / TRG pin. The 
period of the pulse to be applied to the CLK / TRG pin must be greater than 2 times the system 
clock period Also, it is required to insert the setup time between the active edge of the CLK / 
TRG pın signal and the rising edge of the succeeding system clock When the interval between 
these pulses is short, the down-counter is decremented one system clock later. When the down- 
counter has reached zero, a high level pulse is output from the ZC / TO pin. 
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Figure 346 Counter Mode Tımiıng 
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(4; Timer mode 


The tımer starts operating at the second rising edge of the system clock from the rising edge 
ofthe puise applied from the external circuit connected to the CLK / TRG pin. The period of 
the pulse to be applied to the CLK / TRG pin must be greater than 2 times the system clock 
period. Also, it is required to insert the setup time between the active edge ofthe CLK / TRG 
pın sıgnal and the rising edge of the succeeding system clock. When the interval between 
these pulses ıs short, the timer starts one system clock cycle later. 


FCLKIN 


NTERNAL TIMER OPERATIONSTART 
TIMER 


Figure 347 Tımer Mode Tımıng 
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(5' Interrupt acknowledge evele 


Having received the ınterrupt request signal (INT) from the CTC, the CPU drives the 
CTC=- MI pin and IORQ pın low to provide the acknowledge signal The TORQ pin goes 
low 2 5 system eloek= later than the MI pin To stabilize the signal lines (IEI and IEO) in 
daısv chain connection. the ınterrupt request cannot be changed on each channel while 
the M1 pin ıs low The RD pin is held hıgh ww make distinction between the instruction 
feich evele and the ınterrupt acknowledge cycle While the RD pin is high, the CTC's 
Interrupt control circuit determines the interrupt-requesting channel of highest priority. 
mn When the CTC'- IEl is high and the M] pin and IORQ pin go low, the ınterrupt vector is 
output from the interrupt requesting channel of highest priority on the data bus. At thıs 
time, 2 system clock eyeies are automatically ınserted by the CPU as a wait state to 
maintaın the stabılhzation ofthe daısv chaın connection 


IEI ; \ 
BE. uersuueeez, B re 


Figure 348 iInterrupt Acknowledge Tımıng 
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(6) Return from interrupt processing 


Return from the interrupt processing is performed when the CPU executes the RETI 
instruction. This RETI instruction must be used at the end of the interrupt processing 
routine When this instruction is executed by the CPU, the CTC’s IEI and IEO return to the 
state active before the interrupt has been serviced. 


The RETI ınstruction is a 2-byte instruction. Its code is EDH 4DH The CTC decodes this 
instruction to check ifthere is the next interrupt request channel. 


In the daisy chain structure, the interrupting LSI’s [EI and IEO are held high and low 
respectively atthe time the instruction code EDH has been decoded. ww 


The code followıng EDH is 4DH, only the peripheral LSI which has sent the last interrupt 
vector !that is, the LSI whose IEI is high and IEO is low) returns from the interrupt 


processing. This restarts the processing of the suspended interrupt of the peripheral LSI of 
tne next higher priority 
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Fıgureure 3.4.9 Interrupt Return Timing 
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3.4.5 


CTC Operational Procedure 


To operate the CTC in the counter mode or the timer mode, the channel control word and time- 
constant data must be written inthe CTC. To enable interrupts by the channel control word, the 
interrupt vector must be written in the CTC. 


1/O Address and Channel Control Word 


To write the channel control word in the CTC, the channel must be specified by the 
corresponding channel 1 /O address. Table 3.4.1 shows the channel I / O addresses. 


Table 34.1 Channel I/O Addresses 


The channel control word to be written in the CTC consists of 8 bits. The system data bus DO 


through D7 correspond to bit O through 7 respectively. Figure 3.4.10 shows the meaning of each 
bit. Table 3.2 shows the function of each bit. 


D7 D6 D5 D& D3 D2 DI DO 
Counter / Trigger Tıme Reset 
tımer constant 


Figure. 3.4.10 Channel Control Word 


For the channel control word, DO must be always ]. 


Table 3.4.2 Meanings and Function of Channl Control Words 


Meanıng and function 


Disables channel ınterrupt Enables channe] interrupt. In either counter or 
timer mode. the interrupt is requesied every time 


the down-counter has resched zero. When this bit 


is set to “1”, the interrupt vector must be written 


inthe CTC before the down-counter staris. When 
the channel control word whose D7 bit is “1” ıs 
written in an already operating channel, the 


interrupt occurs only when the down-counter has 
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813 
(D3) 


Bıt 2 
(D2) 


Meanıng and function 


reached zero for the first time after the writing 


ofthe new channei control word. 


Puts the channel ın the tımer mode. "Puts the | Putsthe channel ın the counter mode The down- 


system clock ınwo the prescaler and outputs the | counter ıs decremented for each edge trıgger 


dıvıded sıgnal to the down-counter. applied to the LK '° TRG pın. In the counter 


mode.the prescaier ıs not used 


Used oniy ınthe timer mode. The prescaier ıs set | Üsed oniv ınthetimer mode The prescaier ıs set 


to dıvıde the system ciock by 16. 


wo dıvıde the system ciuck by 256. 


In the tımer mode. the tımer mode. the tımer | In the timer mode. the timer operation starts on 


operation starts on the fallıng edge ofthe trıgger | tne rısıng edge of tie trıgger puise (CLK / TRG' 


PULSE :CLK / TRGı 


In the counter mode, the | In the counter mode, the lown-counter ıs 


decremented un the rısing edge uf the trıgger 


puise (CLK /TRG:ı 


down-counter ıs decremented on the fallıng edge 


| ofthe external clock pulse ICLK / TRG 


Used nniv ın the umer mode Used oniv ın the timer mode The tımer 


The tımer operation starts on the rısıng edge | uperation ıs started by the external trıgger pulse. 

followıng 2 system ciocks after the tıme constant | That is, the lımer starts operationg at the trıgger 

has been loaded ınt{wo the down-counter. puise entered after the rısıng edge followıng 2 
svstem clocks after the tıme constant has been 
ioaded ınw the down-counter. If the ınterval 
between the system clock and the trıgger pulse 
satısfies the setup time, the prescaler starts 
operating on the second rısıng edge. 
Ütherwise, the prescaler starts operating on the 
rısıng edge followıng 3 system clocks. If the 
trıgger pulse ıs entered before the time constant | _ 
ıs loaded the same effect as when bit 3 = "0” / 


takes place. 


Indıcates that the channel control word is not | Indıcates that the channel control word ıs 


followed by the writing oftime constant. followed by the writing of time constant. If the 


When the channel ıs ın the reset state, this bit | tıme constant ıs wrıtten during down-counter 
cannot be set to “O0” ın the first channel control | operation. the new tıme constant is set to the 
word. To change states with the time constant | time constant register with proceeding the 
unchanged, the channel control word wıth this | current counting. When the down-counter has 
bit set to “0” must be entered. reached zero, the new time constant ıs loaded ınto 


the down-counter. 
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Meanıng and function 


Continues the current channel operation Stiops the down-counter operation. 


When this bit is set to “1”, the channel operation 
stops but all the channel control register biıs 
remain unchanged. When bit? = *}”’andbit.]) = 
“1”, the channel operation remains siopped unuül 
a new time constant is wrıtien. Channel resatrt ıs 
set up after the new time constant ıs 
programmed. The channel is restar.ed acoordıng 
to the state ofbit 3. When bit 2 = "0" andbit! = 
“]”, the channel operation does not starı until a 


new channel control word is written. 


Tıime-Constant Data 


In either the time mode or the counter mode, the time-constant data must be loaded into the time 
constant register. When bit 2 (D2) of the channel control word is “1”, the time constant is loaded 
into the time constant register immediately after the channel control word is written. A time- 
constant value must be an integer in a range of ] to 256. \When the 8 bits of a time constant are 


all “0”s, such a time constant is assumed to be 256. Figure 3.4.11 shows the bit configuration of 
time-constant data. 


KERZRIESZZERENEREN 
TC6 TC5 TC4 TC3 TC2 TO TCO 


TC? 


Fıgqure. 3.4.11 Tıme-Constant Data 
Interrupt Vector 


In interrupt in the CPU mode-2, the interrupting channel must give an interrupt vector to the 
CPU. An interrupt vector is written in the channel-O interrupt vector register with bit 0 (DO) 
=“0". The vector is written in the same way as the channel control word is written on channel 0. 
However, bit 0 (DO) of the vector should be always “0”. Bit 7 (D7) through bit 3 (D3) are user- 
defined values. Bit 2 (D2) and bit 1 (D1) are automatically given and contain the code of the 
interrupt-requesting channel having the highest priority. Table 3.4.3 shows the channel codes. 


Figure 3.4.12 shows the interrupt vector bit configuration. 
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Table 3.4.3 Channel Codes 
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Figure. 3.4 12 Interrupt Vector 


3.4.6 Using CTC 
1] Counter Mode 


The following describes how to use the CTC by referring to a program using channel 0 with 
ınterrupt dısabled 


(a) The counter programming procedure is shown in Figure 3.4.13 


LOAD OFCHANNEL 
CONTROL WORD 
LOAD OF 
TIME CONSTANT 


Figure. 3.4.13 Counter Programmıng Procedure 
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(b) The block diagram for converting the 100 kHz system clock into the 10 kHz equivalent is 
| shown in Figure 3.4.14. 


CHANNELO 
TIME CONSTANT 
PRESCALER REGISTER 
NOT USED 
j 
en A TIME CONSTANT IS LOADED EVERY TIME 


in THE DOWNCOUNTER COUNTS ZERO 


DOWN COUNTER 


OUTPUT | 2C/TOO (10kHz) 


CLK /; TRGO (100K Hz) 


Figure. 3.414 Down-Counter Block Dıagram 


(c) The channel control word configuration is shown in Figure 3.4.15 


D7 D6 D5 D4 D3 D2 DI DO 


INTERRUPT NOT USED NOT USED CHANNEL 
DISABLE RESET 
| COUNTER MODE - 1 INLEADING SETTING OF CHANNEL 
| OF EXTERNAL TIMER CONSTANT CONTROL WORD 
CLOCK 


Figure 3.4.15 Channel Control Word Configuration 
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[2] Timer Mode 


(a) The timer programming procedure with interrupt disabled is shown in Figure 3.4 16. 


LOAD OFCHANNEL 
CONTROL WORD 


LOAD OF 
TIME CONSTANT 


Figure 3416 Timer Programmıng Procedure 


(bi The block diagram for converting the 4 MHz system clock into Ihe I kHz equivalent is shown 
ın Figure 3.4 17 


CHANNEL | 
TIME CONSTANT 
PRESCALER REGISTER 
INPUT 
(250k Hz) . 


: A TIME CONSTANT ISLOADED EVERY TIME 
ı WHEN THE DOWNCOUNTER COUNTS ZERO 


Y 
DOWN COUNTER 


OUTPUT | ZC ’TO1 (1kHz) 


Figure. 3.4.17 Timer Block Dıagram 


(ec) The channel control word is shown in Figure 3.4.18. 


D7 06 D5 D4 D3 D2 DI 00 


INTERRUPT PRESCALER TIMER START CHANNEL 
DISABLE VALUE (16) RESET 
TIMER MODE START THE TIMER SETTING Of CHANNEL 


OPERATIONATTHE TIMER CONSTANT CONTROL WORD 
TRAILING OF THE 
EXTERNAL CLOCK 


Figure 3.4.18 Channel Control Word 
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PIO Operational Description 


The PIO has two independent, programmable 8-bit ports. These ports are assigned addresses on 
the TMPZ84015A’s 1 / O map and therefore can be read / written in the CPU’s1/O cycle. This 
subsecetion main]v describes the operations that take place after accessing the PIO. 


PIO Block Diagram 


Figure 3.5.1 shows the PIO block diagram 
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Fıgure. 3.5.1 PIOBlock Diagram 


PIO System Configuration 

The PIO system consists of the four logie circuits: 

(1) CPU bus I /O logic circuit 

(2) Internal control logic circuit 

(3) Interrupt control logie circuit 

(4) Port 1/ O logie circuit 

CPU Bus 1 / O Logic Circuit 

The CPU bus 1 /O logie circuit transfers data between the CPU and the PIO. 
Internal Control Logic Circuit 


The internal control logie circuit controls the PIO operating functions like the PIO selecting chip 
enable and the read / write circuits. 
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[3] Interrupt Control Logic Circuit 


The interrupt control logic circuit performs the CPU interrupt-associated processing such as 
determining interrupt priorities. The priorities with other LSI peripherals are determined by 
the physical location in daisy chain connection. 


[4} Port 1/O Logic Circuit 


The port 1/ O logic circuits are used to directly connect to peripheral devices Each consists of the 
following 7 registers and 1 flip-flop. Data are written in the registers by the CPU as specified ın 
the program. Figure 3.5.2 shows the internal configuration of the ports 


© Data output register (8 bits) 

® Data input register (8 bits) 

®@ Mode control register (2 bits) 

© Interrupt vector register (8 bits) 
© Interrupt control register (2 bits) 
© Mask control register (8 bits) 

© Data l/O control register (8 bits) 


® Handshake control logie circuit 


INTERRUPT MODE DATA INPUT, 
VECTOR CONTROL OUTPUT 
REGISTER REGISTER a 
(8 BıTS) (2 BITS) 


OUTPUT 
REGISTER 
(8 BITS) 


INTERNAL BUS 


DATA 
CONTROL LINE 


INTERRUPT MASK 
CONTROL CONTROL 
REGISTER REGISTER INPUT DATA REGISTER 


(2 BıTS$) (8 BITS) (8 BITS) 


HANDSHAKE 
CONTROL 
CIRCUIT 


HANDSHAKE 
CONTROL LINE 


INTERRUPT 
REQUEST 


STROBE 


Figure. 3.5.2 Port Internal Configuration 
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(1) Data Output register 
This register holds the data to be transferred from the CPU to peripheral devices. 
(2) Data input register 


This register latches the data to be transferred from perıpheral devices to the CPU. 
The input data to the CPU is read through this regıster 


(3) Mode control regıster 
This register specifies the operation mode The operation mode is set by CPU control. 
(4) Interrupt vector register 


This register holds the vector which makes up the address of the table storing the start 


address of the ınterrupt processing routine 
This register ıs used only for ınterrupt processing. 
(5) Interrupt control regıster 


This register specifies how the ] / O ports are to be monitored. This register is used only in 
the PIO mode 3. 


(6) Mask control register 


This register specifies which I / O port pin ıs to be monitored This register is used only ın 
the PIO mode 3 


(7) Data 1 /O control register 


This register specihies whether each port pin is to be used as output or input. This register 
ıs used only in PIO mode 3. 


(8) Handshake control logic 


This circuit controls the data transfer to the peripheral devices connected to the 8-bit 1/ O 
ports 


PIO Basıc Operations 
Reset 
The PIO provides the following two reset capabilities: 
(1) Power-on reset 
The PIO contains the circuit which automatically resets the PIO at the time of power-on. 
(2) Hardware reset 


Making the RESET pin low for 2 system clock periods with the RD and IORQ pins being 
high resets the PIO on the rising edge of the RESET pin. This hardware reset inside the 
TMPZ84C015A by external pin is possible because the output ofthe AND circuit between 
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12) 


the RESET and MI pins is put on the MI signal uf the PIO 


Reset state 


(a) The operation mode is set to modı | for both ports 

(b) Interrupt ıs disabled 

(c) Allthe bits ofthe data 1 /O register of each port are reset 

(d) Allthe bits ofthe mask control register ofeach put are set and masked 

(e) The port 1/ O lines of each port are put in the hıgh- ımpedance state (Noating) 
(N The RDY pin of each port goes low 


The reset state is held until the control word is written Fer the function of the control word, 
see Subsection 3.5.5 “Operational Procedure” 


Interrupt 


The PIO can cause an interrupt when the CPU is operating in mode 2 The interrupt request 
signal (INT) from the PIO is accepted when the CP is in the interrupt enabled state (caused 
after the execution of El instruction) Receiving the INT signal, the CPU latches the 
interrupt vector (8-bit data) sent from the PIO, specifies the start address of the interrupt 


processing routine based on the vector, and calls the routine to start the processing 


Thus, since the start address of the interrupt processing routine can be specified by the 
ınterrupt vector sent from the PIO, the user can change the vector value to call any desired 
address 


Interrupt processing is terminated when the CPU executes the RETI instruction The PIO has 
the circuit to decode the RETI instruction to detect the termination of interrupt processing by 
constantly monitoring the data bus. 


The interrupt priority among the Z80 peripheral LSIs is determined by the daisy chain 
structure In daisy chain, the peripheral LSIs are connected one after another as shown in 
Figure 3 5.3. The more a peripheral LSI is physically located near the CPU, the higher the 
priority ofthe peripheral ıs. Actually, the priority of the Z80 peripheral LSIs (CTC, PIO, and 
SIO) on the TMPZ84C015A is specified by the contents of the interrupt priority register (# F4 
bits 2 through 0). Within the PIO, port A is given higher priority than port B The 
TMPZ84CU15A’s PIO and peripheral LSiIs have the signal lines IEO and IE] connected to the 
IEO of a higher peripheral LSIs and the IEI of a lower peripheral LSI respectively. However, 
the IEI of the highest peripheral LSI is connected to the IEI pin and the IEO of the lowest 
peripheral is connected to the IEO pin. In this state, the PIO interrupt follows the conditions’ 


© When both IEI and IEO are high, no interrupt has occurred. This time, the interrupt 
request signal (INT) is high. In this state, the PIO can request ıinterrupt 


© When the PIO sends the INT signal, it sets the IEO line to the low level. When the 
interrupt request is accepted by the CPU, INT goes back to the low level. 
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e When the IEI goes low, the IEO also goes low. 
© When the IEI is low, the PIO cannot request an interrupt. 
e Ifthe IEI goes low during interrupt occurrence, the interrupt processing is suspended. 


The operations of the 4 Z80 peripheral LSIs (the states of IEI, IEO and INT signal) daisy- 
chained as shown in Figure 3.5.3 are as follows: 


(1) Before interrupt occurrence 


L o Vec 


VccoH 


(3) The CPU acknowledges (enables) the interrupt. Interrupt processing for LSI-2 is 
performed. 


H o Vec 


VcoH 


(4) Interrupt request from LSI-] to the CPU. The interrupt processing for LSI-2 is suspended. 


L o Ve 


VcoH 
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(5) The CPU acknowledges (enables) the interrupt. Interrupt processing for LSI-1 is 
performed. 


H o Vcc 


VcoNn 


(6) Interrupt processing for LSI-] terminates (upon execution of the RETI instruction) 


interrupt processing for LSI-2 is restarted. 


(7) Interrupt processing for LSI-2 terminates (upon execution of the RETI instruction) . 


H o Vec 


VcoH 


Interrupt priority is given to LSI-1, LSI-2, LSI-3 and LSI-4 in this order. 


Fıgure. 3.5.3 Signal States ın Daısy Chaın Structure 
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13) 


Operation Modes 


The PIO operates in one of the 4 operation modes. The mode is selected by writing the mode 


contro] word. 


Mode 0 (byte output mode) 
Mode ] (byte input mode) 
Mode 2 (byte 1 /O mode) 


Mode 3 (byte mode) 


(1) Mode OD (byte output mode) 


(2 


(3 


(4) 


m 


— 


In mode 0, the PIO sends the data received from the CPU to the external device through the 
port data output register. The contents of this register can be rewritten by using an output 
instruction. Ifthe data on the bus change, the register contents remain unchanged until the 
next output instruction is executed. When the CPU executes an output instruction, the 
write signal is generated in the PIO in the write cycle. Using the signal, the data on the data 
bus can be latched in the data output register. 


Mode ] (byte input mode) 


In this mode, the PIO sends the data received from the external device to the CPU through 
the port data input register. The data transfer to ihe CPU is suspended until the CPU has 
read the current data. 


Mode 2 (bvte 1/O mode) 


Mode 2 is a combination of mode 0 and mode 1. This mode is used only for port A. In this 
mode, all 4 handshake control lines are used. Port A’'s handshake contro! lines are used for 
data output and the port B’s handshake control lines are used for data input. For data 
transfer, port A is used. Port B is set in mode 3 (bit mode) in which no handshake control line 
is used. 


In this mode, the interrupt timing occurs almost at the same time in mode 0 and mode 1. In 
an input operation, the port B's handshake control lines are used, so that the interrupt vector 
written in port B is transferred. Therefore, the interrupts in input and output can be 
controlled by different vectors. 


Mode 3 (bit mode) 


In mode 3, the 8-bit port 1 / O lines are controlled for each bit. Since no handshake control 
lines are used, ordinary read / write operations can be performed. 1 / O operations can be 


performed on the port as well. In a write operation, the data sent from the CPU to the PIO. 


are latched in the data output register corresponding to the bit set for output in the same 
timing as in mode 0. 


An interrupt occurs in the interrupt enabled state and when the bit set for input satisfies the 
condition specified in the interrupt control word. However, if port A is operating in mode 2, 
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port B cannot cause an interrupt in the bit mode. Note that, to use the interrupt capability, 
the mask control register bit corresponding to the bit set for output must be set to "1" to 
disable its interrupt. 


nn enter 
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3.5.4 PIO Status Transition and Basic Timing 


11] Status Transition 


Figure 3.5 4 shows the PIO status transition diagram. 
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3.5 4(a) PIO Status Transition 
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Figure 354(b) PIO Status Transıtion 
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[2] Write Cycle 


The 1ORQ, RD, C/D (AO) ‚and CE (A? through AD) signals generate the write signal (*WR) 
inside the PIO. 


The CPU sets the PIO's IORQ signal to the low level at system clock T2, to start the write 
cycle At this time, to indicate that this cycle is a write cycle, the PIO's MI signal must be set 
to the high level At the same time, the CPU sends signals to the PIO's B/A (AlJ)andC/D 
(AO) to specify the port or select control signal or the data. This allows the port data output 
register of the PIO's selected port to latch the data at system clock T3. TW is a wait state 
automatically inserted by the CPU. 


u — 


"WR=C!D CE RD IORQ 


Figure 3.5.5 Write Cycle Timing 
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(3) 


[4] 


Read Cycie 


The CPU sets the PIO’s, RD pin, CE signal, and IORQ pin to the low level at system clock T2 to 
start the read cycle. At this time, to indicate that this cycle is a read cycle, the PIO’s MI pin 
must be set to the high level. The PIO outputs data in the CE, IORQ, and RD signals TWisa 
wait state automatically inserted by the CPU. 


ni 7 Fi r rı 


CLK 


C D. Bia 
(An) (A,) 
ce 
(Au-A,) 
IORQ \ / 


RD 
.RD=C’D 2 RD IORQ 


Figure 3.5.6 Read Cycle Timing 


Mode 0 (Byte Output Mode) 


The mode O0 output cycle starts when the CPU executes an output instruction. When an output 
ınstruction is executed, the write signal (WR) is generated in the PIO in the write cycle. This 
signal latches the data on the data bus to the data output register of the selected port. The 
RDY pin goes high on the first falling edge of the system clock after the rise of the write signal 
("WR).. This indicates that the data in the data output register are already on the port 1 / O 
pın. The peripheral device sets the RDY pin to the low level on the first falling edge of the 
system clock after the rise of the STB pin to be input to the PIO to indicate that the peripheral 
device has received the data from the port I / O pin, waiting for the next output instruction. If, 
at thıs time, the PIO is enabled for interrupts, it sets the INT pin to the low level on the rising 
edge of the STB signal to output the interrupt request signal to the CPU. Figure 3.5.7 shows 
the timing chart of mode 0. 
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Mode 1 (Byte Input Mode) 


The input cycle starts when the CPU has completed the previous data read operation. The 
peripheral device sets the PIO’s STB pin to the lower level, putting data on the port 1/ O line. 
The RDY pin is driven low on the first falling edge of the system clock after the rise of the STB 
pin, disabling the peripheral device to sent the next data. If,at this time, the PIO is enabled 
for interrupts,it sets the INT pin to the low level on the rising edge of the STB pin,making an 
interrupt request to the CPU.When the CPU executes the input instruction in the interrupt 
processing routine, the read signal (*RD) is generated in the PlO in the read cycle. This signal 
puts the data in the data input register of the selected port on the data bus. The CPU receives 
this data. The PIO sets the RDY pin to the high level on the first falling edge of the system 
clock after the rise of the read signal (*RD) to wait for the input of the next data. Figure 3.5.8 
shows the mode ] timing chart. 
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Fıgure. 3.5.7 Mode 0 Timing Chart 
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Figure. 3.5.8 Mode ! Tımıng Chart 


[6] Mode 2 (Byte I / OÖ Mode) 


Mode 2 ıs a combınatıon of mode O and mode 1. The tıming for output operation ı> generally 


the same as in mode O0 except that, in mode 2, data is output only when the ASTB pin is low 
while, ın mode 0, data is always on the port l/O line The peripheral device can receive data on 


the rısıng edge ofthe ASTB signal being used as the latch sıgnal 
The ınput tıming ısthe same as in mode I. 


The port A handshake line is used as output control and the port B handshake lıne ıs as ınput 


control 


The value of the ınterrupt vector generated by the BSTB signal during a port A ınput 
operation is the same as the value of the interrupt vector generated when port B ıs used ın 
mode 3 Hence, all port B bits are masked by setting the mask control word to disable port B 


for the ınterrupt capability 
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Figure 359 Mode 2 Tımıng Chart 


17] Mode 3 (Bıt Mode) 

In thıs mode, no handshake Iıne ıs used Therefore, the ordınary port read / write operations 
can be performed, permitting access to the ports any time The write data from the CPU ıs 
latched to the data output register corresponding to the bit set for output in the same timing as 
in mode 0 Except when port B is used in mode 2, the STB pin of the port operating in mode 3 
is fixed to the low level The transfer data consists of the data in the data output register and 
ın the data ınput register That is, the data of the bit set for output and the data of the bit set 
for input make up the transfer data. 
An ınterrupt occurs when the ıinterrupt enabled state is on and the bits set for input satisfy the 
condition specified by the mask control word, etc. However, if port A is operating in mode 2, 

u) port B ıs dısabled for ınterrupt in the bit mode Note that, to use the interrupt capability, the 
bıt ofthe mask register corresponding to the bit set for output must be set to “1” to disable it 
for interrupts 
An interrupt request occurs when the logic condition becomes true. If the logie condition 
becomes true immediately before the MI pin goes low or while MI pin ıs low, an interrupt 
request occurs on the rising edge ofthe MI pin 
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Fıgure. 3.5 10 Mode 3 Tımıng Chart 


Interrupt Acknowledge Cycle 


Outputting the interrupt request signal (INT) , the PIO sets the IEO signal to the low level, 


disabling the low-priority peripheral LSIs for interrupt requests. 


Receiving the interrupt request signal (INT) from the PIO, the CPU sets the PIO's MI and 
1ORQ pins to the low level to indicate that the CPU has acknowiedged the ınterrupt request. 
The IORQ pin goes low 2.5 system clocks later than the Ml pın. To stabilize the daisy-chained 
signal lines (lEI and IEO) , the ports and peripheral LSIs cannot change the interrupt request. 


The RD pin remains high to make distinction between the instruction fetch and interrupt 
acknowledge cycles While the RD pin is high, the interrupt control logic in the PIO 
determines the interrupt requesting port of the highest priority. When the IORQ pin goes low 
with the [EI pin being high, the interrupt vector is put on the data bus from the interrupt 


requesting port. At the same time, two system clocks are automatically inserted by the CPU 


asa wait state to stabilize the daisy chain structure. 
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Fıgure. 3.5.11 Interrupt Acknowledge Cycle Tıming Charts 
Return from Interrupt Cycle 


Return from interrupt processing is performed when the CPU executes the RETI instruction. 
This RETI instruction must be used at the end of the interrupt processing routine. When the 
CPU executes this instruction, the PIO’s IEI and IEO return to the states active before 


interrupt processing. 


The RETI instruction consists of two bytes and its code are EDH and 4DH. The PIO decodes 
the RETI instruction to determine whether there is any interrupt requesting port. In the 
daisy chain structure, the IE] and IEO of the interrupting LS] remain high and low 
respectively at the time the instruction code EDH has been decoded. If the code following 
EDH is 4DH, only the peripheral LSI which has sent an interrupt vector immediately before, 
that is, the LSI whose IEI is high and IEO is low, returns from interrupt processing. This 
restarts the interrupt processing of the suspended peripheral LS of lower interrupt priority. 
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Fıgure. 3.5.12 Interrupt Cycice Return Tımıng Chart 
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3.5.5 PIO Operational Procedure 


To operate the PIO the control words shown below must be written in it as the initial settings. 
They must be written in the PlO's ports, A and B, separatelv Specify the I / O address listed in 
Table 3.5.] to write control words and data in the PIO 


Tabie 35.1 1/O Addresses 


Port A data 


a Port Acommand 


"Port B data 


Port Bcommand 


(1) Interrupt vector word 


| 
| 


® Using this vector and the contents of the address indicated by the CPU’s I register, the CPU 


Identifies the interrupt vector word. 


User-defined interrupt vector 


generates the start address of the interrupt processing routine. 
®e DOthrough D? are written in the interrupt vector register. 


e This word is not needed when the interrupt capability is not used. 


(2) Mode control word 


ldentifies the mode control word. 


Don't care 

Mode Select 

D7=0,D6=0 :Modeo dur Hutmt 
D7=0,D6=1 :Model by tumt 
D7=1,D6=0 : Mode 2 


D7=1,D6=1 : Mode 3 bt RER) 5 


e This word specifies an operation mode. 


e D7 and D6 are written in the mode control register. 
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(3) Data l/O control word 


0. output 
1: ınput 


® This word is needed only in mode 3. 


© When mode 3 is specified by the mode control word. the data | / O control word is written 
after it. 


© Each port is specified for output or input. 
e DOthrough D7 are written in the data I / O register 


(4) Interrupt control word 


Identifies the interrupt 
control word. 


0: Mask word not required. 
l: Mask word required. 


: Active level is low. 
1: Active level is high 


0: Interrupt occurs when logic 
conditionisOR. 

1: Interrupt occurs when logic 
condition is AND. 


0: Interrupt disabled. 
Interrupt enabled 


pr‘ 


e This word is for interrupt control such as interrupt condition setting. 


e D4, D5, and D6 are used only in mode 3. 
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With D6=0, interrupt occurs when one of the bits not masked (the bit to be monitrored) by 
the mask control word goes active. 


With D6=], interrupt occurs when all bits not masked (the bits to be monitored) by the 
mask control word go active. 


With D4=1, the suspended interrupts are all reset regardless of the mode. 


D5 and D6 are written in the control register. 


(5) Mask control word 


— 


a ® 


Not masked (to be 
monitored) 
Masked (not to be 
monitored) 


This word ıs needed only in mode 3 


When D4=] is set by the ınterrupt control word, the mask control word must be written 
after it 


This word specifies whether to monitor the port 1 / O line specified for input by the data 1/0 
control word | 


When the bit is set to 0, the corresponding input line is monitored and regarded as the input 
associated with interrupt occurence. 


When the bit is set to 1, the corresponding input line is masked to provide the input not 
related to interrupt occurence. 


The PIO checks only the input line with the bit being 0 to see if the interrupt condition is 
satisfied. Ifthe condition is satisfied, the PlO requests an interrupt. 


DO through D7 are written in the mask control register. 


When port A is put in mode 2, all 4 handshake lines are used, so that port B must be set in mode 
3 which uses no handshake lines. At the same time, all mask control word bits must be set to 1 
(masked). 


(Note) Only interrupt enable / disable can be set by the following control word: 


EEE EEE EERIREESEETEEEAEAEEEREBIESIRRENEEIERESENEREIRECEIUEESERMDIISNEEDEREEIIENEEEENEENNEEIE PETER IEEEREIENENIRENENENINNGENTNNTRIPEEBNDETERNITTRe 
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Identifies the control word 
which sets only interrupt 
enable / disable. 


Don't care 


0: Disables interrupt. 
1: Enables interrupt. 


3.5.6 Using PIO 


The following is a programming example to operate the PIO’s port in mode 3. This program ıs 
followed oy the main routine and the interrupt processing program. 


e TheCPU is used in the mode 2 interrupt. 
© The table storing the start address of the interrupt processing routine is 0802H. 


® Interrupts occur when both PIO's port input lines A6 and A5 go high. 


The 1/0 addresses ofthe PIO is the addresses listed in Table 3.5.1. 


External device 


decoder 


Figure. 3.5.13 PIO Connection 
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ORG 100H 


LD::SPR.100R Sets the stack pointer 

EMiSBN 1 Sets for CPU mode 2 interrupt 

1:D. AL:OBH ee Writes data ın CPU I register 

1 be DI 

LD A.02H Writes the interrupt vector word. 

OUT (DHI,A 

LD. .A:OCFR --- Writes the mode control word 
r OUT tIDHI,A 

LD A,62H -  Writesthe data Il ’O control word Sets PIO. 

OUT (DH),A 

LD - -AlFTRH:- er Writes ınterrupt contro] word 

OUT (DH),A 

ED. ASFH. + Writesthe mask control word. 


OUT (DH).A 


El Sets interrupt enable 


3.6 SIO Operational Description 


The SIO has two independent, programmable full-duplex serıal ports These ports are assigned’ 
addresses on the TMPZ84C015A’'s 1 / O map This subsection maınly describes the operations 
that take place after accessıng the SIO 


3.6.1 SIO Block Dıagram 


Internal 
contro! 
cırcunt 


Read Write 
register 
(Channel A) 


Channe! u } Data 

A er Elöch 

— SYNC 
WAIT/READY 


External 

control 
ik cırcunt EEE Control lıne 
di (Channel A) |, 


SIO control lıne 


CE,M1 IORQ Channel ) Data 
[@ ıD. = 7 RD Interrupt Read ! write 3 CLock 
control register SYNC 
cırcumt (Channel B) WAIT/READY 


External 
control 
cırcumt 


n } Control line 
(Channel B) — 


Intereupt control Iıne 


Figure. 3.6.1 SIO Block Diagram 
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3.6.2 SIO System Configuration 


As shown ın Figure 36 1, the SIO consists ofthe CPU bus interface, the internal controller. the 
ınterrupt controller, and two independently operating full-duplex channels Each channel has 
the read regıster. the write register, and the external controller which controls the connection 


wıth perıpheral LSIs or external devices. 


The TMPZ84CO15A contains all the functions and pins of the 40-pin. DIP-type TMPZ34C40A 
:SIO ’0, TMPZSICHA (SIO/N , and TMPZ84C42A (SIO /2) However, when using the SIO of 
the TMPZ84C015A, the SIO / 0, SIO / 1, or SIO / 2 must be used alone. The pin assignments are 
assnown in Figure 36 2 


PAa | 283 

PA} PB2 

PA? PB! 

pa P80 

PA WIiRDYB 
W.RDYA 30 = SYNCH —n 


(a) SIO/O 
PA4 PB3 
Pa3 PB2 
Pa? PB 
PA) PBO 
p W'RDYB 
Ww RDYA 30 SYNcB —— 


N.C 
(b) SIO/ I 

PAa PB3 

PA3 P82 

PA2 pB1 

PAI p 

PA W'RDYB 

WI/RDYA 30 SYNCB—»NC 


(c) SIO/2 


Figure. 3.6.2 SIO Pin Assıgnments 
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Table 36 1 shows the types and functions ofthe SIO registers Each channel has 8 write registers and 
3 read registers 


(1! Communication data path 


Figure 362 shows the communication path of each channel's transfer data. 


]l Receıve operation 
The receiver has un B-bit receive register and a 3-stage B-bit buffer register in FIFO 
configuration This saves time ın hıgh-speed data block transfers The receivers also have 


the receive error FIFO which holds the status information such as parity and framing errors 


The receive data follow different paths according to the operation mode and character length 
as shown in Figure 3 6.3 
Table 36.1 (a) Write Regısters 


Pronidesthe parameters Lo conterol ihe receiver 


Write repıster 6 IWR6' 


Write register 3 tWR3 


Sets the sync character or ihe SDLC address field 


Write register 7 (WRTı Sets the sync character or the SDL.C Nag 


Table36 1(b) Read Regısters 
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Fıgure 3.6.3 Transfer Data Path (Channel A) 


auch | Receiving 
clock 
circuit 


Synchronnus CRC 
Transmısyvonr 
generator cock 


rec 


A R 
SDLC-CRC ssembie CRC 


ee Asvnchronous mode 


Inthe asynchronous mode, the receive data enters the 3-bit buffer ifthe character length is 7 


or 8 bits or the 3-bit receive shift register ifthe character length is 5 or 6 bits. 


e Synchronous mode 


In the synchronous mode, the data path depends on the receive processing phase at the time. 
The receiver operation starts from the hunt phase In this mode, the receiver seurches the WW 
receive data for the bit pattern which matches the specified sync character. Ifthe SIO is set 
ın the monosync mode, the receiver searches for the bit pattern which matches the sync 
character set in WR7T:if the SIO is set in the bisvnc mode, the receiver searches for the bit 
pattern which matches two consecutive sync characters set in WR6 and WR7. When 
svnchroniızation has been established, the subsequent data enter the 3-bit buffer by 


bypassıng the sync register 
e SDLC mode 


In the SDLC mode, the sync register constantly monitors the receive data performing zero 
deletion as required When the sync register detects 5 “1”s consecutively in the receive data, 
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(2) 


the following bit is deleted if it is “0”. Ifit is “1”, the bit that follows is checked. If it ıs “0”, it 


is assumed asa flag, ifitis “1”, it isassumed an abort sequence (7 consecutive “1”s). 


The reformatted data are put in the receive shift register via the 3-bit buffer. When 
synchronization has been established, the subsequent data follow the same path regardless 
ofthe character length. 


Transmission 


The transmitter has an B-bit transmit data register and a 20-bit transmit shift register. The 
20-bit transmit shift register holds the data from the WR6, WR7, and transmit data register. 


Asynchronous mode 


In the asynchronous mode, the data in the 20-bit transmit shift register are added with the 
start and stop bits to be sent to the transmit multiplexer. 


Synchronous mode 


In the svnchronous mode, the WR6 and WR? hold the sync character. The contents of these 
registers are sent to the 20-bit transmit register as the sync character at the transmission of 
data blocks or as the idle sync character if a transmitter underrun occurs in data block 


transmissıon. 
SDLC mode 


In tne SDLC mode, the WR6 holds the station address and the WR holds the flag. The flag 
(WR?) ıs sent to the 20-bit transmit register at the start and end of each frame. For each of 
the other data fields, one "0" follows five consecutive "1"s. 


1l/O functions 


To transfer data from/to the CPU, the SIO must be set in the polling, interrupt, or block 
transfer mode 


Polling 


To operate the SIO ın the polling mode, all interrupts mode must be disabled. In the polling 
mode, the CPU reads the status bits DO and D2 ın each channel's RRO to check for reception 
or transmission 


Interrupts 


There are 3 types of SIO interrupt: transmit interrupt, receive interrupt, and external / 
status interrupt. These interrupts can be enabled by program. The receive interrupt ıs 
further divided into the following three: 


© Interrupt on the first received character 
© Interrupt on all received characters 


© Interrupt on special receive conditions 
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Higher priority is given to channel A than channel B On the same channel. hıgner 


priority is given to reception, transmission, and external : status in this order 


The SIO provides the daisy-cnained interrupt priority control feature and the interrupt 
vector generating feature Further, it provides the "status affected vector” feature This 


feature outputs 4 ınterrupts depending on !he interrupt source 


ee Bivck transfer 


The SIO has the block transfer mode to adapt to the CPU”s block transfer and the DMA 
controller For block transfer. the W ’RDY line is used For the CPU’s block transfer. this 
lıne is used as the wait lıne. for the DMA Diock transfer, it is used as the ready line The 
SIO's ready output indicates to the DMA controller that the data !s ready to transfer The 
SIO's wait output indicates to the CPU that the SIO ıs not ready for data transfer and 


therefore requesting the extension ofthe nutput cveie 


36.3 SIO Basıc Operations 
'}; Asynehronous mode 


For data transfer ın the asyvnchronous mude, the character iength. clock rate. and 
interrupt mode must be set These parameters are written ın the write registers Note 
tnat WR4 must be set before the other registers are set 

Data transfer does not start until the transmiıt enable bit is set When the auto enable bit 
is set. the SIO starts transmission upon the CTS pın’< going "N”, allowıng the programmer 
to send a message to the SIO without waiting for the CTS signal Figure 3.6.4 shows the 
data format ofthe asvnchronous mode 


M ä r---7--- + ---+-[,-Hr---+--- M 
ın 
arrıng | 80 D1 D2 In arkıng 


kummemmummmmunden m u m ae ne ee a a a I 
Start dit Parıty dit Stop bıt 


Message girection 


Figure 364 Data Format of Asynchronous Mode 


Il Transmission 


Serial data are output from the TxD pin. Its transfer clock rate can be set to one of 1. 1/16, 
1/32, and 1 /64 times the clock rate to be supplied to the transmit clock input (TxC) The 
serial data are output on the fallıing edge of TxC 
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Reception 


The receive operation in the asvnchronous mode starts when the receive enable bit (DU of 
WR3) ıs set. When the receive data input RxD ıs set to “0” for the duration of at least 1’ % 
bit time, the SIO ınterprets it as the start bit, sampling the input data at the middle of the 
bittime The sampling is performed on the rising edge of the RxC signal 


When the receiver receives the data whose character length is not 8 bits, it converts the 
data into the one composed of the necessary bits, the parity bit and the unused bit set to 
a N 


Example a 6-bitcharacter ESEIESEIEIEIEBEI 


When the external / status interrupt ıs enabled and a break state ıs detected in the receive 
data, the ınterrupt is generated and the break / abort status bit (DO of RRO) is set and the 
SIO monitors the transmit data unti! the break state is cleared The ınterrupt is also 
generated when the DCD signal is ın the inactive state for more than the specified pulse 
width The DCD status bit ıs set to "1" 


In the polling mode, the CPU must refer the receive character valid bit (DO of RRO) to read 
the data This bit is automatically reset when the receive buffer ıs read In the pollıng 
mode, the transmit buffer status must be checked before writing data in the transmitter 


to avoid overwrite 
Synchronous mode 


There are 3 character synchronızation monosync, bisync, and external sync In each of 
these syncehronous modes, the times ] clock rate ıs used for both transmission and 
reception The receive data is sampled on the rısing edge of the receive clock ınput (RxC) 


The transmit data changes on the falling edge of the transmit clock input 


[AG 
> 


Synchronous 


Data ftıeld 


character 


5 
Synchronous 
y Data field 
character 5 


Data field 
—) 


Message direction 


Monosynchronous mode 


Synchronous 
character 


Biısynchronous mode 


External synchronous mode 


Fıqure 36.5 Data Format of Synchronous Mode 


MPUZ80-015-116 


uns OT ee 


TOSHIBA TMPZ84C015AF 


TMPZBACO15AF-6 


1 Monosync 


In this mode, synchronization is established when a match with the sync character (8 bits) 
setto WR? ıs found, enabling data transfer. 


2 Bisvnc 


In this mode, synchronization is established when a match with 2 consecutive sync 
characters set to WR6 and WR7 is found, enabling data transfer. In this mode as well as 
the monosync mode SYNC is active during the receive clock period in which the sync 
character is being detected. 


3 External sync 


In this mode, synchronization is performed externally. When synchronization is 
established, it is indicated by the SYNC pin. The SYNC input must be kept to “0” until 
the character synchronization is lost. Character assembly starts from the rising edge of 
the RxC after the falling of the SYNC. 


After reset, the SIO enters the hunt phase to search for the sync character. If 
synchronization is lost, the SIO sets the enter-hunt-phase-bit (D4 of WR3) to reenter the 
hunt phase. 


e Transmission 
(a) Data transfer using interrupt 


When the transmit interrupt is enabled, the interrupt is caused upon the transmit bufler’s 
being emptied. For the interrupt processing, other data are written in the transmitter. If 
these data are not ready for some reason, the transmit underrun condition occurs. 


(b) Bisync mode 


In the bisync mode, if the transmitter runs out of data during transmission, supply 
characters are inserted. This is done in two methods. In one method, sync characters are 
inserted. In the other, characters generated so far are transmitted followed by sync 
characters. Either of these methods can be selected by the reset transmit underrun / EOM 
command in WRO. 


ou 


— 


(e) End of transmission 


Break can be performed by setting bit D4 of WR5. When break is performed, the data ın 
the transmit buffer and the shift register are lost. When the external / status interrupt is 
enabled, the SIO generates the interrupt depending on the transmitter state and outputs 
the vector. This mode can be used for block transfer. 


® Reception 
(a) Interrupt on the first received character 


This mode is used for ordinary block transfer. In this mode, the SIO generates the 


LL———— EEE 
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(b 


— 


(c 


(3) 


interrupt only for the first character;subsequently, it does not generate the interrupt unless 


special receive conditions are satisfied 


To ınitıalize these settings, command 4 of WRO (to be enabled by the next receive interrupt) 


must be set in advance 
Interrupt on all received characters 


In this mode, the SIO generates the interrupt for all characters coming into the receive 
buffer. When the status aflect vector has been set, a special vector is generated on a special 


receive condition 
Special receive condition interrupt 


This interrupt occurs when any of the above interrupts is selected. The special receive 
conditions include parity error, receive overrun error, framing error, and end-of-frame 
(SDLC) These error status bits are latched, so that they must be reset after they are read 
They can be reset by command 6 of WRO (error reset). 


SDLC mode 


The SIO supports both the SDLC and HDLC protocols. They resemble each other, so that 
oniv the SDLC mode is explained here 


Figure 3 6 6 shows the data format ın the SDLC mode. In the SDLC mode, one data block is 
called a frame and the message in it is put between the open flag and the close flag. The 
address field ın the frame contains the address of a secondary station Checking this 


address, the SIO receives or ıgnores Lhe frame. 


m— Frame 
« 


) 
Address CRC CRC 
| Oben nag | eR Me Ba 


) 
Message direction 


Figure 366 Data Format ınSDLC Mode 


Transmissıon 


(a) Data transfer using interrupt 


When the transmit interrupt has been set, the interrupt occurs each time the transmit buffer 
becomes empty. Inthe SDL.C mode, data are sent to the SIO by this interrupt. 


(b) Data transfer using wait / ready 


The wait function in the wait / ready capability is used to make the CPU extend the output 
cycle when the SIO’s transmit buffer is not empty. The ready function indicates to the DMA 
that the SIO’s transmit buffer is empty and therefore ready to receive data. If no data has 
been written in the transmit shift register before transmission, the SIO goes in the underrun 
state. This capability permits data transfer to the SIO. 
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(ec) Transmit underun / EOM 


The SIO automatically ends the SDLC frame if there is no data to be transmitted to the 
transmit data buffer To implement this, the SIO sends a 2-byte CRC when there is no 
data to send, then the SIO transmits one or more flags After reset, the transmit underun 
/EOM status bit is set to prevent the CRC character from being inserted when there ıs no 
data to be sent. Using this function, the SIO starts frame transmission Here, the 
transmit underun / EOM reset command must be set in advance between the 
transmission of the first data and the data end Thus, the SIO goes in the reset state at 


the end of each message with the CRC character being sent automatically 


(dı CRC generation = 


For CRC caiculation, the CRC generator must be reset before transmission (hits D6 and 
D7 ofWRO) CREC calculation starts when the address field ıs written in the SIO (WR6) 
The transmit ÜRC enable bit (DO of WR5) must be set before the address field is written 


te) End of transmission 


When the transmitter is disabled during transmission, the datu currently transmitted is 
all transmitted to its end The subsequent data is put in the marking state When the 
transmitter is disabled, characters remain in the buffer However, the abort sequence Is 
made active when the abort command is written in the command register, deleting all 
data 


© Reception 


As ın the transmit mode, several parameters must be preset ın the receive mode The 
address field ıs written in WR7 and the flag character in WR7. Receiving the open flag, 
the receiver compares the contents of the following address field with the address set in 
WR6 or the global address (“1111 1111”) . Ifthe contents of the address field in frame 
matches either ofthese address, the SIO starts reception. 


(a) Interrupt on the first received character 
This mode is generally used for the block transfer using the wait / ready capability. In 
this mode, the SIO generates the interrupt only on the first character The status flug of ! 
this interrupt ıs latched, so that command 4 (to be enabled by the next received chrurter 
of WRO must be preset for re-initialization. When the external / status interrupt is set, an 
interrupt occurs every time the DCD changes. This interrupt also occurs when the special 
receive condition is satisfied 

(b) Interrupt on all received characters 


In thıs mode, the SIO generates an interrupt on all received characters. When the status 
affect vector has been set, the SIO generates a special vector on the special receive 
condition interrupt. 
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(c) Special receive condition interrupt 


Using the special receive condition, the interrupt on the first received character or the 
interrupt on all received characters must be selected in advance. The receive overrun status 
of the special receive condition interrupt is latched. The status bit can be reset by the error 
reset command (WRO command) . 


(d) CRC check 


(e 


— 


The receive CRC check is reset when the open flag at the head of a frame is received. CRC 
calculation is performed on the subsequent characters up to the close flag. In the SDLC 
mode, the transmit CRC is inverted, so that a special check sequence is used. The check 
must end with “0001 1101 0000 1111.” Sine SIO handles the CRC character as a data, the 
CPU must discard it after reading it 


End of transmission 


When the SIO receives the close flag, the end-of-frame-bit is set to indicate that the close flag 
has been received. When the status affect vector has been set, the special receive condition 
interrupt occurs and the interrupt vector is output. Any frame can be aborted by abort 
transmission. When the external / status interrupt has been set, the interrupt occurs and 
the break / abort bit ın RROÖ ıs set. 
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3.6.4 SIO Status Transition Diagram and Basic Timing 


Il] Status Transition Diagram 


Figure 3.6.7 shows the SIO status transition diagram. 
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Fıgure 3.6.7 (b) State transıtion dıagram 


External ' Status ınterrupt 
143 


5 
treble 
transmiısyon 


Asyncnronous 


müde ’ 


Mono or 
Disynchronous? 


NO 


YES 
Ayynnrongouy mode Synchronous mode SDLC E aternaı sunchronous 
trammauon transmıssıon trarsmissıon tansmısyon 


Figure 3.6.7(a) SIO Status Transıtion Diagram 
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Figure 3.6.7(c) State transition diagram 


MPUZ80-015-122 


TOSHIBA TMPZ84C015AF 


TMPZB4CO015AF-6 


SDLC transmıssıon 


üpen tlag 
character 


TXD terminal 


Oper fiag 


ınaracter (7EH) 
EEE 


1 Write address 
2 Write transmission 
data 


Transmıssıon ınterrupt 


1 Address (DO-D7) 
2 Transmission data 
D0-D7 


> 


Transmısyion 
nderrun/£O 


= CRC (DO--015) 


End ot 
CRC feed ? 


._. Close flag 
Close flag teed transmission 
End of frame 
transmıssıon 


Figure 3.6.7(d) SIO Status Transition Diagram 
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Basic Timing 


Figure 3.6.8 shows the timing in which data or a command is written from the CPU to the 
SIO Figure 3.6.9 shows the timing in which data is read from the SIO to the CPU Figure 
3.6.10 shows the interrupt acknowledge timing in which the CPU gives an interrupt response 
to the SIO’s interrupt request to set the IORQ pin to “0” several clocks after setting the MI pin 
to “0” as the acknowledge signal. To maintain the interrupt serviced state in daisy chain 
structure, the interrupt request state cannot be changed while MI is active. 


Figure 3.6.11 shows the timing in which the return from interrupt is performed. 


Figure 3.6.12 shows how the daisy chain structure works. First, suppose that the SIO is 
servicing Interrupt. When the PIO issues an interrupt request immediately before the first 
byte "EDH” of the RETI instruction is decoded with Mi being active, “IEO” of the PIO goes 
“N However, when “EDH” is decoded, the PIO's interrupt request is not acknowledged 
Therefore, the PlO’s “IEO” returns to “1” When the second byte "4DH” is decoded, the SIO's 
"IEO” returns to “1” Therefore, the “IEI” and “IEO” of each peripheral LSI at this point of 
time all go “1”, or out ofthe interrupt serviced state The PIO keeps the INT pin at “0” until 


this state is set Then, the interrupt is serviced starting with the peripheral device of the 
higher priority 
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Figure 3.6.8 Write Tımıng 
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Figure 3.6.9 Read Timing 


71 T2 TwW TW T& 


RD 
13 / \ puus 
DATA Ingerrypt 


Figure 3.6.10 Interrupt Acknowledge Timing 
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The following mainly describes the meaning of each bit of the write and read registers. Special 
attention should be directed to the fact that the parameters of the write register (WR4) should be 
set before the others. 


Some registers can use only a signal channel. The I / O addresses listed in Table 3.6.2 must be 
specified to write the control word and read / write data on the SIO. 


1 Write Registers 


Table 3.6.2 1/O Addresses 


Channel A data 


Channel A command 
ChannelB dats 


Channel Bcommand 


I |WRO , Write register 


CRC reset code 


Table 3.6.3 Configuration of Write Register 0 


Prımary command bıt Register po:ınter bıt 


Bits DO through D2:Register pointer bits 


These bits specify the register on which read / write is performed by the next byte. When read / 


write is completed, the register pointer points to WRO. 


Bits D3 throueh D5 Basıe command bits 


e Command 0 (=000) :No operation 


This command only sets the register pointer without making the SIO operate. It is used to 


invalidate the command in the command chain for the SIO or hold the location at which a 


command is inserted in the command chain if required. 


®© Command ! (=001) .Abort sequence generation 


LLLL—— 
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This command is used to generate the abort sequence (7 or more consecutive “1”s) Note 
that command ] is used only ın the SDLC. 


e Command 2(=010) :External / status interrupt reset 


Once an external interrupt or a status ınterrupt has occurred, the status bit of RPO is 
latched. This command is issued to enable the PRO's status bit in order to enable the 
ınterrupt again. 


e Command 3 (=011) :Channel reset 


m This command performs generally the same operation as when the RESET pin is set. The | 
| difference is that reset is performed only on a single channel. The command for channel A 
resets the interrupt priority circuit as well 


ee Command 4 (= 100) :Enable the interrupt at the next character reception. 


This command is used to enable an interrupt when the end of data block has been detected 
followed by the reception of the next block. 


® Command 5 (=101) Reset transmit interrupt pending 


If the transmit buffer becomes emptx ın the transmit interrupt enable mode, an interrupt 
occurs This command is used to disable the transmit interrupt when there is no data in 
the transmit buffer. 


ee Command 6 (= 110) :Error reset 


The error (parity or overrun error) caused in block transfer is latched in bits D4 and D5 of 
RRI This commands ıs used to clear these bits. 


® (Command 7 (= 111) Return from interrupt 


This command performs the same operation as the operation required to execute the RETI 
instruction on the SIO's data bus. Therefore, non-Z80 CPUs (that is, systems using no 
RETI instruction) can use the daisy chain ın the SIO. This command is available only on 
channel A. 


Bits D6 and D7:CRC reset code 


These 2 bits allow the programmer to select between the receive CRC checker reset, the 
transmit CRC generator reset, and the transmit underrun / EOM reset. 


Table 364 List of Reset Command Codes 


TER ENTE 
Reset the receive CRC checker SIE RER 
Reset the transmit CRC generator re 
Reset the transmit underrun /EOM ET EN 
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= WR] . Write register | 


Table 3.6.5 Configuration of Write Regıster | 


| 
Wait’ready Enabie Enable 


Receivin transmission | external’ 
Select ınterrup ınterrupt status 
r ving mode ınterrupt 
Seiect eceiving 


E j transmissıon 
enable funetion 


Bit DO:External / status interrupt enable 


When thıs bit is set, an interrupt is generated at the start of sync character transmission even 
if the execution is terminated upon detection of break / abort, the DCD, CTS or SYNC signal 
has changed, or the transmit underrun / EOM latch is set. 


Bit D1.Transmit interrupt enable 


When this bit is set, a transmit interrupt is generated upon the transmit buffer becoming 
empty 


Bit D2:Status affect vector 


When this bit is set, bits Di through D3 (VI through V3) of WR2 is changed. When this bit ıs 


not set, the same interrupt vector as the contents of WR2 issued Note that this bit is available 
only on channel B. 


Bits D3 and D4:Receive interrupt mode 
These bits are used to select a receive interrupt mode. 
Bits D5 through D7: Selection wait / ready functions 


These 3 bits are used to select a SIO’'s W / RDY pin function. The wait or the ready function is 
selected by program and they are not used simultaneousiy. The meaning of these bits are: 


© When D5 is set to “1” , it indicates that the W / RDY pin responds to the receive 
buffer;when D5 is reset to “0” , it indicates that the pin responds to the transmit buffer. 


© When D6 is set to “1”, the W / RDY pin functions as the READY pin:when D6 is reset to 
“0”, the pın functions as the WAIT pin. 


© When D7 is set to “1”, the wait / ready function is enabled;when D7 is reset to “0”, the 
function ıs disabled. 


For example, when D7, D6, and D5 are “1”, “1”, and “0” respectively, and the transmit buffer 
is full. the READY pin goes “1”; when the transmit buffer is empty, the pin goes “0”. 


Table 3.6.6 shows the summary of the above description of bits D3 and D4 and D5 through D7. 
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Table 3.6.6 List of Receive Interrupt Mode Codes 


Receive ınterrupt mode Ze 


DERTITRTENRFER ınterrupt dısabie 


Interrupt on first received character or special receive condition® mn 


Interrupt on received character or special receive condition® 


Interrupt on received character or special receive condition® texcept for parity error) 


e End of frame (in SDLC mode only) 
© Receive overrun error 
s 
B 


*Special receive conditions: 


Parity error 


Framing error 


Table 3.6.7 Wait/ Ready Seiect Function (D5 through D7) 


De De 
Butier state 
Pın (Function) | Pın output 


Low at 
Noating 
as 
rer! 


es | 


WAIT 1a The receive buffer ıs full and 
the SIO data port is selecıied. 


The ee eweng buffer is full. 
Er 


| The wransmit buffer isempty. | transmit buffer isempty. 


The receive buffer is full. 
WAIT 


u [M receive bufler is emptv 
oe the SIO data port ı5 
re 


| Low | The receive buffer is full. 
The receive bufler is empty. 
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3] WR 2,Write register 2 


Table 3 6.8 Configuration of Write Register 2 


Subject to cnange under different ınterrupt 
conditions ıf the status-aflect vector bıt ıs set. 


Thıs write register ıs the ınterrupt vector register When bit D2 of WRI is not set, the interrupt 
vector is ıssued When bit D2 of WR! ıs set, bits DI through D3 (VI through V3) are changed 
depending on the interrupt generation condition This time, the contents of WR2 remaın 
unchanged Because WR2 ıs available oniy on channel B, WR2 must be pruogrammed even if 
onlv channel A ofthe SIO is used 


Table 36 9 shows the WR2 bit states in the ınterrupt condition with the status uffect vector 
being set 


Tabie 36.9 Channel Interrupt Condıtion Codes 


I se Tafel 
Transmıit buffer empty SEEN 
ee ee 

| Recewedcharacieravalable ol: jo 


rocurmamonaue Te fıfı} 
ram fe fe 
engeren fett 
Fermisenseemee _ et [el 

SENENG 


Special receive condıtıon® 


Special receive conditions: 
© Endof frame (in SDLC mode only) 
© Receıve overrun error 
e Parıtyeerror 
% 


Framıng error 
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4| WR 3;Write register 3 


Table 3.6.10 Configuration of Write Regıster 3 


Prohibit 


Receiving bit synchronous 
/character character 
load 


Bit DO:Receive enable 


When this bit is set, the receive operation starts. Because thıs bit is used to start the receive 
operation, it must be set after the receive-associated programming has been all completed. 
Bit D1:Sync character load inhibit 


When this bit is set in the sync mode, the sync character is not loaded into the receive buffer. 
This bit is used to remove the sync character and idle sync from the received characters. 


Bit D2. Address search mode 


When this bit ıs set in the SDLC mode, any message having a programmed address or an 
address other than the global address (FFH) ıs not received by WR6. Therefore, the receive 


interrupt does not occur unless an address match occurs 
Bıt D3:Receive CRC enable 


When this bit is set, CRC calculatıon starts at the start of the last data transfer from the 


receive shift register to the receiver bufler. 
Bit D4:Enter hunt Phase 


When the establishment of synchronization is required, set this bit to enter the SIO into the 
hunt phase. The hunt phase is automatically cleared upon establishment of synchronization. 


u yl D5:.Auto enable 


When this bit is set, the transmitter is enabled at the time the CTS pin is “0”. When the DCD 
pin is “O0”, the receiver is enabled. 
Bits D6 and D7:Receive character length 


These bits are used to specify the number of receive bits which make up one character 
(character length). Table 3.6.11 shows the number of bits per character. 


en 
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Table 3.6.11 Receive Character Length Codes 


Bıts/character 


5] WR 4;Write register 4 


Table 3.6.12 Configuration of Write Regıster 4 


Clock mode Synchronous mode 


Bit DO Paritv enable 


When this bit is set, 1-bit transmit data is added to the number of bits specified by D6 and D7 of 
\WR3 and the data is received in the resulting number of bits. If a character length other than 8 
bits ıs selected, the added parity bit is set to the MSB side to be transferred to the receive data 


FIFO. When the 8-bit character length is selected, the parity bit is not transferred to the receive 
data FIFO. 


Bit D1:Paritv even / odd 


This bit is used to determine whether to perform transfer and check in even or odd parity. (Even 
parity=“1”", odd parity="0”") 


Bit D2 and D3 Stop bit length 


These bits are used to select the stop bit length in the asynchronous mode. In the synchronous 
mode, both D2 and D3 must be set to “0”. 


Table 3.6.13 Stop Bıt Length Codes 


nn ee 
ECT EEE HER HER BIC HE 
Fran eo [3 
Aörosmurmanen —_  [ı [e| 
EEE WEL 
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Bits D4 and D5:Sync mode 


These bits are used to select the sync mode 


Table 36.14 Sync Mode Codes 


BE a a 
mn Do fo 
hen nensmenn Te |, 
Si mega am [3 [oe | 
men fe 


Bits D6 and D7:Clock mode 


These bits are used to select the factor between the transmit / receive clock and the data transfer 
rate In the synchronous mode, the x] clock mode must be set 


In the asynchronous mode, the 
transmit sıde and the receive side must have the same factor. 


Table 3 6 15 Clock Mode Codes 


Clock mode 
D? 
(data transfer rate) 
rasen Tee 
x 16 data transfer ıate ee 
x 32 data transfer rate SEE 
x 64 data transfer rate Er 


6 |WR5. Write register 5 


Table 36.16 Configuration of Write Regıster 5 


Trasmıt bıt Enabie CRC 
Break 


character transmıssıon 
Em transmıssıon Knäbie 


transmıss:on 


Bit DO-Transmit CRC enable 


When this bit is set at the time the transmit data is loaded from the transmit data buffer into the 
transmit shift register, the CRC calculation is performed on that data. If this bit is not set, the 


CRC calculation and transmission are not performed in the transmit underrun state in the 
synchronous or SDLC mode. 


Bit D1:Request to send (RTS) 
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When this bit is set, the RTS pin goes “0” When this bit is not set, the RTS pin goes “1” Inthe 
asvnchronous mode, the RTS pin goes “1” when the transmit buffer becomes empty. In the 
svnchronous or SDLC mode. this bit state is followed by the RTS pin state. 

Bıt D2 CRC-16 ’SDLC 


When this bit is set, the CRC-16 polynomial (X!6+X15+X?+1) is selected When this bit ıs 
reset 0 0” ‚the CRC-CCITT polynomial (X16+ X12+X5+1) is selected. 


Bıt D3 Transmit enable 


When thıs bit ıs set, the transmitter is enabled Even if this bit is reset to “0” after the start of / 
transmission, the sync character and the data being transmitted are transmitted to the last. 


Bıt D4 Transmit break 


When thıs bit ıs set, transmitting any data forcibly puts the transmit data line (TxD pin) in the 
space state When thıs bit isreset to “0”, the TxD pin is put in the marking state. 


Bırs D5 and D6 Transmit character length 


These bıts ındıcate the character length of ttransmit data. 


Table 3.617 Transmıt Character Length Codes 


| aus scnaracer | 06 | os | 
Less than 5 bıts 0 ae 
BETEN 


As shown ın Table 3 6.17, for the transmission of less than 5 bits (4 bits or 3 bits) per character, 
D6 and D5 are “0” and “0”, which do not indicate how many bits the transmit data consists of. To 


solve thıs problem, the data characters must be processed by the format shown ın Table 3.6.18 


Note that D ındıcates data. 
Table 36.18 Data Transfer Format wıth Transmıt Data 
Consısting of Less than 5 bıts ww; 


[Tanmwbnsenaracter | 07 | 06 | os | oe | 03 | 02 | 2 | oo | 
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Bıt D7.Data terminal readv 


Fa‘ 


This bit indicates the DTR pın state. When this bit is set, the DTR pin goes “0”, when it is 
reset, the DTR pin goes “1”. 


7 I WR6: Write register 6 


Table 3.6.19 Configuration of Write Register 6 


Thıs register is programmed as follows: 


e Intheexternalsyvncemode : Transmit sync character 
e Inthe monosync mode :  Transmit sync character 
e Inthe bisync mode : First sync character 

© Inthe SDLC mode . Slave station address 


8 | WR7: Write register 7 


Table 3.6.20 Configuration of Write Register 7 


This register is programmed as follows: 


© Inthe monosync mode : Receive sync character 
® Inthe bisync mode : Second sync character 
® Inthe SDLC mode : Flag character (7EH) 


This register is not used in the external svnc mode. 
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[2] Read Registers 


1 |IRRO. Read register 0 


Table 3.6.21 Configuration of Read Regıster 0 


Brake/ Trasmıssıon Synchronize Trasmıssıon Reserve Receiving 


Aboard nderrun/£O Hunt butter empty ınterrupt character 
effective 


Used with the external / status ınterrupt 


Bit DO:Receive character available 


This bit ıs set when the receive buffer holds characters of I byte or more. Thıs bit ıs reset when 
the buffer becomes empty. 


Bit Di:.Interrupt pending 


This bit is set when an interrupt occurs in the SIO regardless of the interrupt condition type 
This bit ıs available only on channel A 


Bit D2:Transmit buffer empty 


This bit is set when the transmit data buffer becomes empty or the SIO is reset However, ın 
the sync and SDLC modes where the CRC character ıs being transmitted, bit D2 is reset. 


Bit D3:Data carrier detect 


This bit indicates the DCD pin input state. This bit is latched when the external / status 
interrupt occurs 


Bit D4 Svnc / hunt 


The meaning of thıs hit depends on the operation mode: 


(1) Asynchronous mode 


Bit D4 indicates the SIO’s SYNC pin state. When the SY\NC pin state changes, the 
external / status interrupt occurs 


(ii) External sync mode 
When synchronization has been established by the detection of external synchronization, 
the last bit ofthe sync character must be set to “0” at the second RxC falling edge from the 
rising edge of the received RxC. That is, to set the SYNC input to “0” by the external 


circuit after the detection of synchronization, full 2 receive cvcle clocks must be awaited. 
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When tne SY'NC input goes “0”. the sync hunt bit is set When synchronization is lost or 


the end of message ıs detected, the enter hunt phase bit is set 


(ji) Internal sync mode 
In the monosyne and biısvnc modes. bit D4 is initialized to "1" by the enter hunt phase 


command !D4 of WR3) This bit ıs reset when the SIO detects the sync character 


(11V 5 SDLC mode 
Bit D4 ıs set when the receiver ıs disabled or the enter hunt phase command is issued 
mn Then. when the frame open flag is detected. this bit is reset 


Bit D5 Clear to send (CTS) 
This bit indieates the opposite of the CTC pin ınput state 
Bit DE Transmit underrun / EOM 


This bit ıs set when the SIO is reset (including channel reset! Only the reset transmitter 
underrun / EOM latch command (WRO bits D7, D6="1", "1") can reset this bit When the 
transmit underrun state vecurs, the external ‘ status ınterrupt is generated Bit DS ıs also 


used to control transmission ın the sync or SDLC mode 
Bıt D7 Break / abort 


Inthe asynchronous mode ın reception, this bit ındicates the break state detection When the 
break state ıs detected, thıs hıt ıs set, generating the external / status interrupt This bit ıs 


reset by the external / status interrupt reset command 


After break, the external / status ınterrupt is generated again In the SDI.C mode, bit D7 ıs 


set when the abort sequence is detected, generating the external ’ status ınterrupt 
2 | RR 1.Reader register | 


Table 3 6 22 Configuration of Read Regıster ! 


07 06 


ttamıng 
error 


Bit DO.All sent 


DA D3 D2 D! 


Parıty 
Fraction 
error 


In the asynchronous mode, this bit is set when all characters are sent from the transmitter or 
there is no transmit data in the SIO In the synchronous mode, this bit is always set. 


Receiving Feed 


vverrun all 


error characters 
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Bits DI through D3:Fraction codes 


Normally, I field is an integral multiple of character length. If it is not, these bits show the 
number of fraction bits. These codes are effective only for the transmission for which the end of 
frame bit is set in the SDLC mode. 


Example: Figure 3.6.13 shows examples of fractions in which the number of bits / character at the end 
oflfield is8bits (1) and 4 bits (2). 


CRC, ww; 


I fıeid | 


ERCI CRC, 


I tıeld | 


Figure.3.6.13 Examples of Fraction Bits in I Fıeld 


Table 3.6.23 (a) shows the fraction codes for the receive character whose character length is 8 
bits. 


Table 3.6.23 (a) Bit Patterns by Fraction Bits at End of I Field 


Number ot fractıon bıts at end ot ! fıeid 


2byıes before 


The same table can also be provided for each character length when the receive character length 
of I field is other than 3bbits. 
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Table 3.6.23(b) Bıt Patterns by Number of Bıts 
/ Character (No Fractions) 


Shbıts/Character 
6 bıts/Character 
Tbıts/Characıer 
8 bıts/Character 


Bıt D4 Paritv error 


This bit is latched when the parity select bit (DO of WR&4) is set and a parity error is detected in 
the receive data Latch can be cleared by the error reset command (WRO bits D5, D4, D3=*1", 
gr Re: 

Bıt D5-Receive overrun error 


The receive data FIFO holds up to 3 characters When more characters are received without 
read out by the MPU, the excess character is set to the receive FIFO When this character ıs read 
bythe MPU. this receive overrun error is set Once set, bit D5 latches that state When the error 


reset command (command 6 of WRO bits D3 through D5) is written, this bit ıs also reset. 


Bıt D6 CRC / framıng error 
In the asvnchronous mode, thıs bit is set when a framing error is detected in the received 


character Because thıs bit is not latched, it ıs alwavs updated. 


Inthe synchronous and SDLC modes, this bit indicates the transmitted CRC check result. This 
hit ıs reset when the error reset command (command 6 of WRO bits D3 through DS) ıs written 


Bit D7.End of frame 


This bit is set when the end flag is detected in the receive data and the CRC check and the 
fraction code are found normal This bit is reset when the error reset command (command 6 of 
WRO bits D3 through DS) is written This bit is used only in the SDLC mode and is updated 


when the first character ofthe next frame ıs received. 
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a en 
3 IRR?. Read register 2 


Table 3 6.24 Configuration of Read Regıster 2 


interrupt vector 


Subject to cnange under dıtferent interrupt 
conditions ıf tne status-affect bit ıs set 


Wpren the status alfect vector bit (D2 of WRD) ıs set, bits V3 through VI are changed depending 
on the ınterrupt condition at the time The vector to be read is determined by the interrupt 
condition havıng the highest priority at the time of read. When the status affect vector bit ıs 


reset, \ne contents ofthis register are the same as those of WR2 


366 Using SIO 


The following describes some system examples using the SIO Figure 36 14 shows an 
Inter processor communication system. In this example, the CPU on the left side controis the 
data transfer wıth the modules on the right side Both diagrums shown ın Figure 3.6.14 (a) and 
'bı are communication systems As shown, the SIO is used to interface with external devices ın 


data communication The greatest advantage of the SIO is the smaller number of data lines 
than parallei communication 


RSXYZ 
driver 


ireceiver 


RSXY2 
Driver 


‚receiver 
RSXYZ 


driver 
/receıver 


Table 36 14 (a) Exampie of Data Communicatıon Between Processors 


LL———— 
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| Crorre'No'! 


Modem 
($ynchro- 


RS232C 


Data lIınkıng 


arıver nous tor remote 
receiver Asynchıo processor 
nous) 


Cnrreı No 


Figure 36 14(b) Example of Data Communicatıon Between Processors 


3.7 Standby Capabilıty 


When a HALT instruction ıs executed. the TMPZ84C015A is put in one of the Run, Idle-1, 
Idle-2, or Stop mode depending on the contents of the halt mode setting register (#FO:bit 4, bit 
3HALTMR) (However, the TMPZ84CUI15A ıs put in the Run mode immediately after the 
reset operation bv th« RESET pın ) The halt mode setting register is set as follows For the 


deseription and tımıng of each mode. see Subsection 3.3 "CGC Operations. ' 


The halt mode setting register ıs assıgned to bits 4 and 3 of addres=» FO ın the I / O address 
arca The halt mode ıs released by the ınterrupt (the nonmaskable ınterrupt by the NMI pın 
or tne maskable ınterrupt by the INT pınıor by the reset through the RESET pin A maskable 
ınterrupt is accepted when the CPU ıs ın the EI state (in the state after the execution of El 
ınstruction A nonmaskable ınterrupt ıs accepted unconditionally When an interrupt is 


accepted, the ınterrupt processing starts 


When the CPU ıs ın the DI state tafter the reset operation and the execution of DI] instruction) 
wıth maskable ınterrupt, tne TMPZ84CU15A returns to the halt mode after executing aHALT 
ınstruction (actually a NOP ınstruction) 


3.7.1 Setting Halt Mode 


Duplicate control ıs provided to prevent the stop of the watchdog timer operation which may 


be caused by the halt mode setting error due to program runaway. 


The halt mode ıs set by the halt mode setting register (HALTMR) and the halt mode control 
register (#Fl:bits 7 through 0OHALTMCR) Figure 3.7.) shows the contents of the halt mode 


control register (HALTMCR) Figure 37.2 shows the contents of the halt mode setting 
register (HALTMR) 


ee en 
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? 6 5 4 3 2 1 0 
Address fi 
(HALTCR) 
Write only 
Figure. 3.7.1 Halt Mode Control WW 
Register (HALTMCR) 
7 6 5 & 3 2 ’ 0 
Address FO 
Write WODTER WODTPR HALTMR 
See 3 8 Watchdog Tımer Always write "011" 
0 0 = IDLE! 
0 I = IDLE2 
1 0 = STOP 
! 1 = RUN 
7 6 5 4 3 2 j 0 
Address FÜ 
Write WDTER WODTPR HALTMR 


a 


see 3 8 Watchdog Tımer Read written data "011 


State after reset 


Fıgure. 3.7.2 Halt Mode Setting Register (HALTMR) 
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Figure 3.7.3 shows the device states in the halt state with the CLKOUT pin connected to the 
CLKIN pin 


Watchoo CLKOUT 
Tımer (wDT) PIN 


Kr Stop 


Note CLKOUT and CLKIN must be connected. 


Fıgure 3.7.3 Device States ın Halt State 


For the halt mode ın which the clock ıs supplied from the CLKIN pin (with the CGC oscillator 
unused) , the Run mode must be used 


3.7.2 Halt Mode Setting Procedure 


After reset, the halt mode is changed to {he Run mode Figure 3.7.4 shows the procedure to set a 
new mode 


Write Data "DB" 
ınto Fi address 
(HALTMCR 


Write new mode 
ınto address FÜ 


Fıgure.3.7.4 Setting Halt Mode 
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3.8 Watchdog Timer 


The watendog timer (WDT) detects an operation error caused by the program runaway to return 
to the normal operation 


3.8.1 Block Diagram of Watchdog Timer 


Figure 3.8 ] shows the block diagram of the watchdog timer 


WDTOUT 


#FO enabie 
WOTPR 
(Bıts6andS) 
N 22-step bınary counter 
IWDTCLK) tor watcndog tımer 


reset 


Watcendogtimer 
enabie register 
sFO(WDTER) 


Watcndog tımer control 
register #F1 (WDTCR) 


Internai data bus 


Fiıgure.3 8.1 Block Diagram of Watchdog Tımer 
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3.8.2 Setting watchdog Timer 
(1) Enabling the watchdog timer 


The watchdog timer can be set by the watchdog timer enable register (#F0:bit 7:WDTER) 
and the watchdog timer periodic register (#FO:bit 6, bit 5:WDTPR). 


7 6 5 - 3 2 1 0 


See37 Always wrıte "011°. 
Standby functiuon 


Address FO 


an) Wrrte 


Tcc®2' 
Tec«2' 
Tec#2?° 
Tec#2?? (TcC: Master cıock) 


*\»Enable 


Figure.3.8.2 Enabling Watching Timer 


(2) Disabling the watchdog timer 


The watchdog timer can be disabled by disabling the watchdog timer enable register 
(WDTER) then writing data “Bl” in the watchdog timer control register (#F1:bit 7 through 
bit 0:WDTCR). 


This function has a duplica‘e structure to prevent the watchdog timer setting error, which 
may lead to the watchdog timer operation stop, caused by program runaway. 
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7 6 5 & 3 
Address FO 
Write WDTER WODTPR HALTMR 


— 


0 = Disabie See 37 Always write "011° 
| Standby function 


Adaress F} 
(WOTCR) 
Write oniy 


Fıgure.3.8.3 Disabling Watchdog Timer 
(3) Clearing the watchdog timer 


The watchdog timer can be cleared by writing data "“4E” in the watchdog timer control 


register (WDTCR) 

7 6 5 & 3 2 ! 0 
Address F} 
(WOTCR) 
Write oniy 

Figure.3.8.4 Clearıng tne Watchdog Timer 

? 6 5 4 3 2 1 0 

Address FO 
(Read) WOTER WDTPR HALTMR 


See 37 Read out wrıten data” 011” 
Standby function 
N) 0 . Tcle2" 
0 ) =  Tcle2' 
) ) =  Tece2? 
1 1 = Tec?” 
0 = Disadle 
Is Enable 


Fıgure.3.8.5 Reading Watchdog Timer Setting Regıster 
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3.8.3 Watchdog Timer Output (WDTOUT pin) 


When the enabled watchdog timer is used, the “0” level signal is output to the WDTOUT pin 
after the duration of time specified in the watchdog timer periodic register (WDTPR) .. The 


output pulse width is one of the following two types depending on the WDTOUT pin 
connection: 


(1) The WDTOUT connected to the RESET pin:The “0” level pulse of 5TcC (base clock) is 
output. 


m (2) TheWwWDTOUT connected to a pin other than RESET pin :The “0” level pulse is kept output 
until the watchdog timer is cleared by software or reset by the RESET pin. 


— ee EEEEEEREEIREREEEERSRERREREREREEEEEEEREREEREEREEEE 
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The programmable interrupt priority register (#F4 bits 2 through U-INTPR) ıs provided to 
determine the ınterrupt prıority for the CTC, SIO, and PIO ın the TMPZ84C015A 


3.9.1 Setting Interrupt Priority 


Fıgure 3.9 1 shows the register to determine the daısv chaın ınterrupt prıority for the CTC, SIO, 


and PIO 
Address fä 
(INTPR;, 
Write only 
[Example] 


Prıofityruder 


gr LOW 
"CT - SO - PIO 
SIO -CTC - PIO 
CT - PIQ - SIO 
MO - SIO - (TC 
PO - CTC - SIO 
SIG PO - TC 


Figure 39 | interrupt Priority Regıster (INTPR) 


State atrer reset 


u. 


! 0 

9) 1) 

) 

! 0 
! 

0 0 

0 i 


When "101" ıs written in address F4 (INTPR) , the daısv chaın ınterrupt prıiority ıs given as 


shown ın Figure 39 2 


— 


w 


Fıgure.3.9.2 Daisy Chaın Interrupt Prıority 
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4.1 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings 


SYMBOL ITEM RATING 


| 
Vec Suppiy Voltage with respect to Vss -0.5V107V 
__ PD] PowerDissmauon(Tamssc — | 250m | 
| Torr | 


Operating Termnerature - 40°C to B5°C 


eo 


4.2 DC Electrical Characteristics 


0) 


Clock Input Low Voltage 
(CLKIN) 
kl Hıch Vol 
Input Low V ragt 
Input HıghV ONaEt 
tescept ATALI, Reset 2): 
l tHıghV 
16) t Low Volta 
16) t High V ltage 
Output Low Voltage IOL = 2.0mA 
tescept CLKOUT) 
voHI Outpvi Hıgh Voltage IOH = - 1.6mA 
tescept CLKOUT) 
VOH2 Output Hıgh Voltage ?2 1OH = - 250uA VCC-0.8 
tescept CLKOUT) 


3-state Output Leskage 
ci -: SED EE 


fTLK  . (ıı 


ICCl Power Supply Current \IHC=-VIHR=VIH 
= VCC-0.2V 
\1Cevirevı [AF-6 


«07V 
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SYMBOL | PAREMETER TEST CONDITION 


VCC=5V 

fCLK = Stopped 
VIHC =VIH=VIHR 
=VCC-0.2V 

VILC =VIL=VILR 
=0.2V 


VCC=5V 
fCLK=ı )) 


Stand-by Supply Current 


Power Suppiy Current VIHC=VIH=VIHR 
= VCC -0.2V 
{ x 
IDLE I Mode) VILC=VIL=VILR 
=0.2V 


VCC=5V 
fCLK=ı ı)) 
Power Supply Current VIHC = VIH=VIHR 
LET Mode) VILC = VIL= VILR 
=0.2V 


Note (]) FELK=17 Tec (MIN) 


(2) ICC2 Stand-by Supply Current is guaranteed only when the supplied clock is 
stopped at a low level during T4 state of the following machine Cycle (Ml) next to 
OP code fetch Cycle of HALT instruction. 
except SYNCA=0 and SYNCB=0 


[U U‚ 
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4.3 AC Electrical Characteristics (1) (in Active State) 
TA= -=40°%C-85°C, VCC=5V+20&, VSS5=0OV 


4.3.1 AC Characteristics of CPU (in Active State) 


TMPZ8AC01SAF TMPZBACOI5AF-6 
eg (6MHz) 
1 ı |tec ______|CioekCyeietime | 250 | bc 1m. - 


Clock Pulse Width 
TuCh 

(Kıgh) 

Clock Pulse Wıdth 
TwC] 

(Low) 


me lCierntme | |: | m |. | 0 | 2 [m | 
Tec Cioekmetme | | | 0 |. |. | 20 Im 


Clock t w Address Valıd 


TdCr (A) 


Delay 


Address Valid to 


TdA ıMREQFI 


TdCFıMREQN 
MREQ | Delav 


MREQ | Delay 
Clock | w 


Clock 1 wo 
TdCr (MREQr) 70 
MRERQ 1 Delay 
MREQ Pulse Width 
T«MRERQh 
(Kıgh) 
MREQ Pulse Width 
TWMREQI 220 
(Low) 
Clock | wo 
TdCF(MREQr) 0 
MRERQ 1 Delay 


TectRDn | Clock 11 RB Deia, u 
TaCr RD [CiektiehdtDey | - | > | 5 |. |. | m 


Data Setup Time to 
TsD (Cr) 
Ciock ? 


I 


ThD (RDr) Data Hold Time io RD 1 


WAIT Setup Time to 
TsWAITıCN 
Clock J 
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 — 
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TMPZ83C01SAF TMPZBACOISAF-6 
(AMHz) (6MH7z) 


SYMBOL PARAMETER 


WAIT Hold Tıme after 
WAIT(CN 
Clock } 


TaCremm _|Cioentuliine |. | 1 so | > |. | 0 Im 
TaCr Min | Cioek toi t Delay BETERESEFTIER | 
Tacromrsun |cnertenrsmine | | | | |. [se [m | 


TeCHRFSHr) | Ciock tu RFSH t Delay ee a ee 
2 [rocrnde  [ciockbu@dtden | | 0 Ta | 


24 |TecrıRDn __|Ciock 10 RD Delay BEER 


Data Setup to 
25 I TsDıC9H 


26 | TdA(IORQN 


Clock | dunng M2,M3, 
M4or M5 Cycles 
Address Stable prior to 


IORQ| 


27 |tecsnorgn _|Ciock 110TORR 1 Deiay 0 


TICFLORQr) Clock j to IORQ ? ! Delay 


Data Stable Prior to 
23 I TIDıWRN 


30 |racrıwrn | Ciock Kto WR 1 Delay — ee 
a [tem | WRPUISe wich ee 
| 32 |tectwen _ |CiocklwWRrtDelay |. |. 


mn -FERETTE 


ee Clock telWiiDelay | |. | 65 | 


a een fees Br 3 geiepmuee 
36 Iractımaun _|Ciock bio ALFtor — 


TWNMI NMI Pulse Width 


BUSREQ Setup Time wo 
Clock ? 
BUSREQ Hold Time 


TsBUSRERQ (Cr 


ThBUSRERQ (Crı 
after Clock ? 
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SYMBOL PARAMETER 


TMPZ84C01SAF TMPZBACOISAF-6 

(4MHz) (6MHz) 
UNIT 

EIESETIENEIESE 


TdCr Clock tw 


(BUSACKN BUSACK | Delay 
Tacf Clock | w 
(BUSACKP) BUSACK t Delay 
Ciock ? to Data Float 
TdCr (Dz) 
Delay 
Clock f to Control Outputs 
TdCr CI) Float Delay (MREQ, 
IORQ. RD, and WR) 
Clock f w Address Flost 
TdCr AZ) 
Delay 


MREQt.IORQt.RDt, 
TdCr (A) 
TsRESET (Cr) 


ThRESET (Cr) 
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4.3.2 AC Characteristics of CGC (in Active State) 
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4.3.3 AC Characteristics of CTC (in Active State) 
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4.3.4 AC Characteristics of PIO (in Active State) 
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4.3.5 AC Characteristics of SIO (in Active State) 
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4.3.6 AC Characteristic of WDT (in Active State) 
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Figure 444 Interrupt Request / Acknowledge Cycle 
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Fıgure 4.4.8 Reset Cycle 


4.4.2 AC Timing Charts of CGC (in Active State) 
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Figure 44 12 Clock Restart Tıming (iDLE2 mode) 


Figure 44.13 Timing of Clock Start by RESET (IDLE1 and IDLE2 modes) 
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4.4.3 AC Timing Charts of CTC (in Active State) 
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TL Last state of ınstruction 


Figure 44.15 CTC Interrupt Occurrence Tımiıng 
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Figure 44 16 PIO Tımıng Dıagram 
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Fıgure 44 17 PIO Interrupt Occurrence Tımiıng 
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4.4.5 AC Timing Charts of SIO (in Active State) 
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Figure 44 18(b) SIO Tımıng Diagram 
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Figure 44 19 SIO Interrupt Occurrence Timing 
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4.5 AC Electrical Characteristics (2) (in Inactive State) 
TA= - 40°C +85°C, VCC=5V +10%, VSS=OV 


4.5.1 AC Characteristics of CGC (in Inactive State) 
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4.5.2 AC Characteristics of CTC (in Inactive State) 
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4.5.3 AC Characteristics of PIO (in Inactive State) 
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4.5.4 AC Characteristics of SIO (ın Inactıve Ste) 
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4.5.5. AC Characteristics of WDT (in Inactive State) 
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Delay 


SYMBOL PARAMETER 


WDTOUT out put period 
WDT Mode 0 T12» 216 - T12+ 218 
WDT Model Tı2. 218 5 T12» 218 
WDT Mode 2 T12+ 2°0 - T12» 220 
WDT Mode 3 T12« 222 - Tı2+ 222 


NOTEN) Timing Measurements are made at the following voltage. 
VIH =2.4V, VIL=0.4V 
VOH =2.2V, VOL=0.8V (Except CLK OUT) 
VIHC=VCC-*.6V, VILC=0.6V 
CL=100PF 
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4.6 AC Timing Charts (2) (in Inactive State) 


4.6.1 AC Timing Charts of CGC (in Inactive State) 
The following Figures show the tıming charts in each operation mode with the CLKOUT pin 
connected to the CLKIN pın 
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Fıgure 4.6.2 Clock Restarıt Tımıng (STOP mode) 
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Figure 4.6.3 Clock Restart Tıming (IDLE1 mode) 
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Figure 464 Clock Restart Timing (IDLE2 mode) 
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Figure 46.5 Tıming of Clock Restart by RESET (IDLE1, IDEL2 mode) 
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Fıgure. 4.6.6 Clock Suspension Tıming (IDLE1, IDLE2 and STOP modes) 
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Figure. 4.6.7 CTC Timing Dıagram (Inactive) 
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4.6.3 AC Timing Charts of PIO (in Inactive State) 
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Figure 4.6.8 PIO Tıming Diagram (Inactive) 
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4.6.4 AC Timing Charts of SIO in Inactive State) 
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Fıgqure 4.6.9 SIO Tımıng Dıagram(a) (Inactıve) 
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Figure 4.6.9 SIO Tımıng Dıagram(b) (Inactıve) 
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4.6.5 AC Timing Charts of WDT (in Inactive State) 


‘The mode setting and daisy chain interrupt setting registerson WDT) 
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Figure 46.10 RD/WRITE, WDTOUT Tımıng Dıagram 


MPUZ80-015-195 


TO 5 HIBA TMPZBACO1SAF.., ;-- 


TMPZBACD15AF-b 


4.7 Pin Capacitance 


svmeoL | | Testconprion | min | typ | max | unı 


F=1MHz 
CCLOCK Clock Input Capacıtance 


All terminalsexcept 


Input Capacıtance that to be measured 
be earthed er 
Output Capacıtance : 
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5. EXTERNAL DIMENSIONS 


Unit: mm 
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